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BETWEEN OURSELVES 


Our First Birthday 

t V ^ ITU the present issue of 
-J& m 7 Industrial India ’’ 

we coniiiieuee the first 

▼ * T number of our second 

volume. During the 
past twelve months we have passed 
through % % a period of industrial 
depression, which is probably un- 
paralleled in international history. 
From almost every point of view it 
would appear to have to have been 
unfortunate and unpropitiotis to 
launch out with a new industrial 
magazine. On the other hand, we 
realised that during the war, India 
had laid a wonderful foundation for 
her future industrial expansion. Com - 
bined with this fact we had con- 
sidered her almost unlimited natural 
mineral wealth, and we decided u> 
take our courage in both hands and 
to launch out with an industrial 
jourflal, which should have no rival 
as to the variety and authenticity *qf 

contents. 

• 

booking back over the past* twelve 
months we feel that ill i courage h as 
been in every >vay justified Muring the 
period under re' dev. We have had 
if> many, nice things if* id about us, 
not only in India, but i*\ - Iinost 
every part of the civilized globe, that 
we must have, filled tlf* necessary 
niche** v So nvach has this been so that 
we should '^honestly relish a little 
more criticism, and we take this 
opportunity of inviting our renders, 1 
not ?>nly to write us on matter i\<‘ 
which they are experiencing difficdl- 
ties, but wo would also ask them to 
investigate Snd to conquer the general 
welfare of India's Industries as a 
whole, ‘and to tell uh frcnkly if they 
consider we have in any vsay failed 
to meet the situation. 

Our ptffneip^l aim in publishing 
“ Industrial ‘’India " was to keep 
the country's Industrialists *3iformed 
on the latent western industrial 
practise. Thij wrs certainly a large 


ordei, l)iit there are so many factors 
which might be termed economic 
factors, which aic common to most 
industries, that we decided to plan a 
magazine on general lines, and each 
month to specialise in greater detail 
upon some one particular branch of 
industry, and to take the various 
branches in turn. We decided on this 
plan alter much thought and dis- 
cussion, and in view of the fact that 
India was at the commencement of 
her industrial career, we thought 
that this particular plan was the 
most likely to meet the peculiar 
situation. 

In starting our new volume, we 
have decided to carry on in the same 
general way in which we started, and 
to divide up our contents into see- 
, lions, as this seems to be the most 
c< yveniciit form for our readers, and 
the* most likely method of meeting 
their requirements. We have, on 
the other hand, made minor modifica- 
tions which we hope will be still more 
beneficial to the requirements of the 
magazine. - 

Our principal aim and object in the 
future, as in the past, will be to 
publish in “ Industrial India ” the 
latest facts regarding the develop- 
ment of, and the most efficient and 
economic working of every branch 
of 'Industry in which India is pre- 
eminently interested. Such develop- 
ment will not only include the 
material side, but also the human 
side, and we bela've that it is only by 
co-ordinating in mutual confidence 
tiles*, two sides of industry, that wo 
ayi work along the most scientific 
and modern economic lines of con- 
ducting our business. 

During the coming year hope 
to still further justify our existence, 

3 and also to prove that we are filling 
a want which has been felt by the 
remarkable grow th and expansion of 
Jhe country. FYom the almost world 
wide recognition of our first year's 
working we feel justified in pushing 


fuiward our policy and in chunking 
tlu- support of not only ever ^adver- 
tiser interested in the Indian jparket., 
but also of every Industrialist whose 
welfare and interest is concerned 
with the building up and the exploi- 
tation of the vast resources which are 
undoubtedly contained within what 
we are pleased to tetm " The Great 
Indian Kmpirc.” 

AAA 

An Indian Consulting 
Engineer’s Success 

In our June issue we published a 
brief introductory note outlining the 
extensive constructional work being 
eat lied out at the Provan Gas Works 
of the Corporation of the City of 
Glasgow. This work happens to be 
to the exclusive design and economic 
system of construction developed by 
an Indian Consulting Engineer, 
namely Mr. Birendtu Nath Dey 
If Sc. ' (Eng.) A. M. I nst. C.lv. etc., 
Consulting Engineer (Civil, Mechan- 
ical and Electrical). It may be 
said that Mr. Dey is the first 
Indian Consulting Engineer who has 
achieved a success of this sort in 
Great Britain, and his record confirms 
our contention that the purely Indian 
Engineer has a chance of achieving 
the highest position in his profession 
if lie will only give his utmost courage, 
ability and industry to winning the 
laurels which await him. 

We are in the present issue 
publishing the first section of a 
detailed and fully illustrated desefip- 
of the plan designed by Mr. Dey. In 
our frontispiece we reproduce Mr. 
Dey’s photograph, and we would like 
Mo take this opportunity of congratu- 
lating him upon his most important 
achievement, and what is even more 
dear to our hearts we would like to 
record his success as ah encourage- 
ment, and anyincentive to (Alters of 
his nationality to follow in his foot- 
steps. It is always relatively easy for 
others to follow where a pioneer ha# 

i* t * 



led, and Mr. Dey’s success in securing 
and carrying through such an import- 
ant undertaking as the extension of 
the Glasgow Gas Works is truly an en- 
purging and inspiring achievement. 

Mr, J)ey, who was born in Calcutta 
in IHU2, was educated at the Calcutta 
and Glasgow Universities, and ob- 
tained honours degree of B.Sc. in 
t{^gineering and a certificate of pro 
ficiencyt in Engineering at the 
University of Glasgow. He specia- 
lized in advanced Engineering courses 
at the Royal Technical College, (‘.las 
gow, and afterwards secured practical 
t raining with many eminent engineers. 

His career has included such posts 
as Assistant Engineer to the Glasgow 
and Sqpth Western Railway ; some' 
time Lecturer in Engineering at the 
Tcchanical College, West Hartlepool ; 
and was retained as Constructional 
Expert by a number of leading 
Westminster firms, and he was Chief 
Engineer f () r Messrs, Peter IJnd & 
Co., and also for Messrs. Wear 
Concrete Shipbuilding Co. Mr. Dev 
is now a director of the International 
Engineers Syndicate and Economic 
Structures Company, and also Tech- 
nical Expert in Engineering Equip- 
ment. and Organisation of Industries. 
It is only natural that he is retained 
by several Indian clients as Con- 
sulting Engineer in London. 

Ill addition to the designing and 
carrying out of various Engineering 
works in Great Britain, Mr. Dey has 
acted as Consulting Engineer for the 
installation of various works, such as 
drainage schemes, gas, water, ami 
steam supply, etc., and he has 
published various papers on Con- 
struction Works, ami has in the 
course of preparation an exhaustive 
treatise in four volumes on “ Modern 
Municipal Engineering Practice/’ 

In conclusion we may state that 
Mr Dey’s War Services include the 
design of ferro-concrete ships, barges, 
pontoons, etc., for various firms, and 
that he successfully carried out several 
Admiralty and other Governmental 
contracts. 

AAA 

Low Temperature Carbon- 
isation of Coal 

The South Wales Institute of En- 
gineers held a Conference on the 20th 
April, at their headquarters. Park 
Place, Cardiff, to discuss the im- # 
porta nt subject of the low temperature 
carbonisation 0 of' coal. There was a 
good attendance and v f he President, 
Mr. David K. Roberts, Wjjs in the 
Chair. The following papers were 
presented and discussed : — 


* (I) Opening paper by Dr. C. H. DatuKr, 

representing the (Government Fuel 
Research Hoard. £ If 

(2j Paper . " Natidhal Importance <1 

bow Temperature Carbonisation,” 

Mr David Brownlie, B Sc. (bornl.j, 

F C.S . etc. 

I.'l) Paper bv Mr W. Uverard Davies, 

" The I.mv Temperature Carbonisa- 
tion of Coal.” 

( t; Paper by Mr N 11. Freeman, 

' System of the British Oil and Fuel 
Conservation Ltd.” 

(f>) Paper on the “ ITision Patent 

I,ow Temperature Retort,” by Mr. 

C J. (Goodwin, A C (G.I , B Sc., 

A M Inst C Iv 

(II) Paper bv Mr S Roy Illingworth, 
M.Se. (bond ), FIX., etc. 

(7) Paper : ” Notes on the Madatirin 
Carbonising Process.” by Maclaurin 
Carbonisation btd. 

(H) Paper : " Some Remarks on bow 

Temperature Carbonising,” by Mr. 
Harold Nielson. 

(B) Paper : ” Improved bow Tempera- 
ture By-Product Recovery (Gas 
Producer Process,” by Messrs. 'I he 
Power (Gas Corporation btd. 

( Id) Paper: ” H< onotnic Aspects of 
bow Temperature Carbonisation,” 
bv Mr John Roberts D I C ., F.<G.S., 

M l. Min. H 

(II) Paper: "bow versus High Tem- 
pi! t lure Carbonisation for Produc- 
tion of Smokeless Fuel,” bv Mr. 

!•) K Sutcliffe, A. M I Mcch.lv, 
and Mr I'Gdgar C ICvans, B.Sc., 
IM.C., etc. 

As it has already been arranged 
for Mr. David Brownlie to write a 
detailed series of articles in this paper 
on each of the various processes of 
low temperature carbonisation, which 
in addition to the above, include thp • 
” Coalite,” ” Lamplough,” ” RichaKls 
Pringle. ” and ” To/at ” processed, it 
will not be necessary to elaborate the 
matter at this stage. / 

The general opinion is, l]f»|jever, 
that the problems of low temperature 
carbonisation are now* practically 
solved, and even the l’Uel Research 
Board appears to be coming to # this , 
conclusion. The application of the 
process to the Indian coalfields woqjfjl 
enable India to produce a very»large 
amount of motor spirit, oil, and fiiil- 
pliate of ammonia, in addition, of * 
course, to smokeless fuel. 

The proceedings at Cardiff were* 
adjourned until the ^3rd of Mav'for a 
further Conference at Swansea. 

AAA 

befects in Steel % 1 

A very interesting paper was read 
r before the Manchester Metallurgical 
Society, i on April 11th last, by Dr. 
T. Swindon, on the subject of defects 
in steel. These defects can be* 

* classified under >he general heads of 
manufacture, casting, and subsequent 
manipulation, and as the subject i^ 
such an enormous one, Dr. Swinden 
confined himself largely to the ques- 


tion pf blow-holes There are two 
main theories as to the cause of 
blowholes, one being that the molten 
steel retains in solution a certain 
aimwint of gas, and the others that 
the cause is a chemigil reaction, 
between the carbon and th# dissolved 
oxide of iron (1^0), which produces 
carbon monoxide gas. The question 
of blowholes is certainly a most com- 
plicated one and there is no .entirely 
satisfactor^explana^ion. Dr, Swinden 
is of the genial opinion that both 
solution of gases aif!l4ntepial chemical 
reactions may go on to a more or less 
degree* at the same time. Certainly 
the analysis of the gases present in 
blowholes (hx^s not show much carbon 
monoxide, an average cqiiiposition 
being 50 per cent. hydrngen^fciMii 
nitrogen, and only a small proportion 
of carbon monoxide. It is very 
probable that the traces of silicon 
and manganese present ofcludc, or 
absorb hydrogen, which won 111 explain 
the presence of this gas in the blow- 
holes. It is well known that the 
molten metal is violently agitated by 
mechanical means the blowholes arc 
much diminished, and although this 
is not a practical method, it is in- 
teresting as shewing the benefit of 
causing the gases to escape quickly. 

AAA 

Power Alcohol 

We are reminded again by the 
publication of Mr. C. W. Monier- 
William’s book, “ Power Alcohol/’ of 
the necessity of finding without ^elay 
liquid fuels as an alternative to 
petroleum. It cannot be too strongly 
emphasised that the known • oil 
reserves of the world are failing and 
will not lq#t foore t^an 75 years. The 
ftp? sent oTPfc Output of #the world is 
•about 700,(M)0,(MMJlVrrels (40 gallon) 
per annum# i>f which fhe^TIniten 
•StateP^wi tributes about 4507 m)Q, 000 
barrels a^id Mexico 160,000,000, the 
production /of the twliole British 
Empire being only aboitt 15,000,000 
barrels, of wtych I ndia/con tributes 
8,500,000. In practice the United 
^States control over 80 pcrtfeeqjt. of 
flhe oil supply of the world, and the 
British Kiflpire^ftout *5 per cent. 
Theft 4 are at the presen t # time three 
possible alternSlive sources of liquid 
fuel, the low temperature carbonisa- 
tion of coal, •the ‘distillation of shale, 
and power alcohc^ 

The chief method for the manufac- 
ture of alcohol is the permutation of 
carbohydrates (cellulos* ^starches, and 
sugars), %id a great variety o{ forms 
of plant life can be «used for the) 
purpose, «uch as rieg, maize, cassa%af 
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sugar cane, potatoes, barley, marigolds 
etc. In the case of a tropical country 
like India it would be possible to 
grow in rotation say maize, cassava, 
and sugar cane, and to produce 95 
per cent. «ilCokol at a selling firice of 
say 3s. per gallon, «r 6d. -per gallon 
for the raw material only. *The 
process consists in • crushing the 
Vegetable product and extracting the 
starch by washing with water, and 
then, by ferment;ftion processes similar 
to brewing, cpnveglin^it into a dilute 
solution of alcohol, which is then 
distilled and further rectified* to 95 
per cent, alcohol. In India, of course, 
the climate is very suitable lor pro- 
ducing a large yield of vegetable 
sta{£ja*per acre, but the trouble is 
that for every gallon of 95 per cent 
alcohol produced, 15 lbs. of coal (or 
equivalent fuel) are required in the 
rectification. In (treat Britain, until 
a temperate climate, it would be 
necessary to make use of potatoes, 

■ mangolds, barley, or artichokes, and 
whilst the yield of starch would not 
be so great the price of coal would be 
much less. In (treat Britain the 
consumption of petrol is alioat 
200, 000, 000 gallons per annum, and to 
produce the equivalent in 95 per cent, 
alcohol would require 12,500,000 tens 
of potatoes, or 25.000,000 tons of 
mangolds. There is no question, 
however that if attention was con- 
centrated on the subject the yield 
per acre of various plants could be 
increased considerably, and probably 
also new and better sources of 
carbohydrates would be discovered, 
the lines for example of the recent 
experiments in France with a* plant 
(Polynniacdulis) from fiiet Ancles. This 
question of power aleoHokus worthv 
of the most seryni^ consideration, in 
Lidia, and -with propey, organisation, 
could made hi to a valuably ource, 
of rdVenue in addition to th<^ security 
obtained. # V 

^ A* A A 

Different r l'Vp es of ,J 

Steam Boilers v 

A Tecent paper by Captain H. I 
Wellingham, t dealing with different 
types of land boYler, serves to 
emphasise toe great £.&tical advan- 
tages of the " Laneaslffre ” (and of 
course “ Cornish ") ■ boiler. Indian 
engineers have found by O long ex : 
perience that tiffs Hype of boiler is 
remarkably free from breakdowns and 
will stand ftjflgh usage and the 
vagaries of unskilled labour ^together 
with bad fee$ water, to an extent 
unapproachable by- any otk^r boiler. 
Thus in the ( Lancashire cation 


indiudry, which is considerably above 
toe uj’eragein bpiler plant efficiency, 
/ver 95 per cent, of the boilers are 
of the Lancashire type, the average 
life of which, together with almost 
complete absence of repairs and break- 
downs, must be nearly 20 years. 
Certainly over 75 per cent, of the 
coal burnt in ('.rent Britain is con- 
sumed in the Lancashire boiler. 
There have been many attempts 
made in the last 70 years to improve 
this type of boiler, especially in 
connection with increasing the circula- 
tion by adding tubes at the back, or 
through the general body of the 
boiler, and various types of such 
economic or dry back boilers are on 
the market. It is a matter of opinion 
whether the increased circulation 
obtained is worth the extra liability 
to breakdown, caused by the addition 
ot these tubes. For conditions such 
as is generally found in India, 
especially for very small steam 
demands, it would seem to Ik* much 
better practice to instal a small 

Lancashire " or “ Cornish ” boiler in 
preference to a dryback boiler, and 
the same applies to the locomotive 
typo ot boiler. The water tube boiler 
is, ot course, essential for large units 
of say 20,000 90,000 lbs. of water 
per hour, but in India, as elsewhere, 
such boilers should only be used for 
large plants under the best conditions 
h$>th as regards attention and 
coalitions, especially in the way of 
good feed water. 

A A A 

Fixe*! % Nitrogen and the 
Electric Furnace 

The question ot the production of 
lixc(^ nitrogen is dealt with in a very 
interesting and valuable book “The 
Electric Furnace" by Mr. J. N. 
thing, published by Messrs. I/mgmans 
Greert* & Co. 

As Sir William Crooks pointed out 
a considerable time ago, one of the 
most vital problems of civilisation is 
the provision of an adequate supply 
of fixed nitroge# for manuring pur- 
poses, and this problem is becoming 
# more and more acute. The chief 
sources of supply at the present 
tifhe are the Chilian nitrate fields, 
the carbonisation of coal, and organic 
manure, but the fixation of^ytrogen 
from the atmosphere by electrical 
• methods is now rapidly coming to 
the front. In one process the nitrogen 
combines direct with the oxygen to 
give nitric acid, which is then con- 
certed into any suitable nitrate. 
For these nitrogen fixation processes 
a vast supply of cheap electrical 


j lower is necessary, and on this account 
the method is only applicable to 
countries that have almost unlimited 
water power. Consequently in Great 
Britain, where the total horse power 
available does not exceed 1 , 000 , 000 , 
the process is nothing like so interest- 
ing as to a country like India, 
which 1ms something like 27,(M?0,<JJ)0 
potential water horse power. 

Another of the nitrogen fixation 
processes gives the product in tnc 
form of calcium cyanide, and as 
indicating the enormous develop- 
ments in this field, the world's 
production in I9lSoi calcium cyanide * 
was no less than 789, (MM) toil** Even 
in a small countn like Norway, the 
production in litlti wus ",‘10,000- 
49, (MM) tons of nitric acid, 5 - 10,000 
tons of nitrate of ammonia, and 0,000 
tons of nitrate of soda. In another 
process the yield is in the form of 
sulphate of ammonia, and in 1918 
the production of one factory in 
Germany, the Badische Anilin Com- 
pany, was 5(H), 999 tons. It seems 
obvious that flu* most important 
source of fixed nitrogen in Great 
Britain will always be by the 
carbonisation (at high or low tem- 
peratures) of coal, whilst in India 
this is of less importance than the 
electrical methods. 

AAA 

Steam Meters and 
V uel Economy 

At the recent conference in London, 
of the Institution of Naval Architects 
one of the most interesting papers 
was “ The Metering of Steam," by 
Mr, John L. Hodgson. There is no 
doubt that one of the most neglected 
sources of fuel economy in industry 
at the present time is the proper 
utilisation of the steam meter. Even 
in Great Britain it will be no exaggera- 
tion to say that 99 per cent, of the 
factories of the country have no 
proper equipment of steam meters. 

In practically every industry, in 
India of course as in every other 
country, there are a certain number 
of general but distinct uses for which 
steam is required, such as the main 
engines, electric lighting plant, pumps 
for main water supply, steam nozzles 
of mechanical stokers, and the boiling 
of liquids, in addition of course to 
specific uses in certain industries. 
The proper scienflfie** method of 
'management ^ to instal steam meters 
on the main steam pipes for these 
various uses, so as to be able to 
arrive at a proper system of A-ostiiyg 
(i Continued on page 
0 { 




THIS SUCTION DEALS WITH THE CHEAT BASIC INDUSTRIES t)F INDIA IN 
THE PRESENT ISSUE WE DEAL PARTICULARLY WITH THE IrtDIGO INDUSTRY* 


Indigo Research (II) 

Till: MANUFACTURE OK IND1CO FROM THE JAVA PLANT 

l his is the s r-.DHil p.irt of I’h ji'sstir U. /.. Armstrong's /ui/x * 

Ji lting with tlir work curried out nith .Xnlurut Indigo Res eurch, iinJ 
which iinns at plucnig the Indigo Industry on u mine scientific tmsis. 


I N 1010 I dealt in Only with tin* 
agricultural problem, particular 
ly tile pliosplmt ii* depletion ol 
soils ; nothing was said of the 
process of manufacture Sys- 
tematic work lias heeu rallied on since 
1017 at I’ll a to elucidate t his process, 
by Mr. 1 >. i \ is . in collaboration with 
the Imperial Agricultural Bacterio- 
logist, Mr. C. M Hutchinson, and 
considerable progress has been made, 
especially during the past season or 
two. In spite o! much work by 
previous observers practically nothing 
was known of the exact course of 
the process of extraction. 

The dyestuff is not an immediate 
natural product. Its precursor in 
the leaf is the simpler substance, 
Indoxyl . CsH;ON, which is present 
in combination with the sugar, glucose 
GslIrM )i», as the glucoside Ci ilfoOtiN 
GdluON GdDA M Indican. which is 
easily soluble. 

To produce indigo, it is necessary 
that t lie indiean should be extracted 
from the leaf, that it should then 
undergo hvdrolvsis ; 

CuHitOoN Von- Csii.-oN i c.ir,-.()i 
and that the indoxyl then obtained 
should be converted into indigo by 
oxidation. 

2C«H;ON | O- CndlcO^N- | 2011, • 
The plant is cut at daylight and 
carried quickly in carts to the 
factory, where it is packed in large 
cement lined tanks ; when the charg- 
ing is complete and weighted boards 
have been placed on the charge, water ' 
is run in. then, after several hours 
steeping, the extract is run off intu 
beating tank**, where the lic|uid is 
brought , into contact with air, and/ 
the indigo precipitated. As much 
of the liquid as possible hazing been 
run c\ff, the sludge is removed to 
Inters. a::d then to presses, finally 


the press takes aie dried in the air. 

Mr Davis Jins discussed his earlier 
observations mi the extraction process 
at length in Indigo Publication No ( d, 
published a year ago. 

The Main Problems 

Two main problems to he solved 
are: fust comes the nature of the pro- 
cess by which the leaf is rendered 
permeable so that water can cntei and 
the indican pass out into solution ; 
and second, the process by which the 
hydrolysis is effected. A natural 
leal is impervious. At tile outset, p « 
more nr less vigorous bacterial fur 
mentation is set up in the tsfiik, 
doubtless at the expense of sugary 
m uteri ds exuded from the cut ^nds 
of the plant stalk and bruised f Knives. 
The water used in Bihar is usually 
hard and alkaline. During the first 
three or four hours, little if any 
indiean is extracted; then, as* the 
solution become acid, and acidity 
increases, more and more p^s^es 
out and is usually hydrolysed forth- 
with. At Bihar the best results yre t 
obtained by stopping the steeping ° 
process alter about 12 hours ; if 
continued beyond the optimum* 
period, destructive ^changes rapidly 
set in. which involve both a loss of 
indigo and an increase of impurities 
ill the product. % * 

It would not have been a surprise 
had it been found out that organic 
acids were formed by fermentative 
action Wring the earlier period. This 
is provet^not to be the case ; the v 
development and increase of acidity 
is mainly due to carbonic acid. 
As this acid by itself acts but slowly 
upon leaves, although it « ultimately 
renders them permeable, it is probable 
that the change at the surface is 


dik- rather to a combination of i 
cunistaneos leading to the death of t 
leaf and the onset of internal chanj 
which lead to complete degredati 
of the vital mechanism. Not oyly 
carbonic acid formed but oxyg 
disappears irom the solution ; a 
the leaves are in the dark and i 
incised in water all unnatural cc 
dit ions. Nevertheless, weak as it 
it is clear that carbonic acid plays 
extraordinary part in the proci 
generally, the quality of indigo pi 
dueed being the worse the me 
freely carbonic acid is formed. 

Previous workers have inclin 
to the belief that the indiean is cc 
verted into indoxyl and glucose 
the agenev of an enzyme present 
tb^ leaf. Messrs. Davis and Hut chi 
son, however, have brought forwa 
a body, of evidence from which ft 
clear that orj^inisms play a pi 
pouderati?". ;>art. ’Mr. Davis is ev 
ot opinion that tjie^ei/zymic acti 
within the Igaf Ms rather to 
.avoided they leac} to uuCWsiral 
results. When the extraction *ps 
cess is sef g^ing at the beginning of 
season, usually the resists ar^po 
at first, the product buing low 
quantity and quality. The followi 
data from records secured in M HO a 
tvpical : *' • 
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Apparently during the earlier 
period the useful organisms are ac- 
cumulating on the walls and cross 
beajns of the steeping tanks. Mr. 
t Hutchinson lias developed a imithod 
1 of cultivating the organises which 
occur in •the vats on plates *of agar 
' containing indican 'organisms. which 
liberate indoxyl and ye easily distin- 
guished by tly blue colour of their 
colonies. Using this test. Mr. Davis 
has found extraordinary. differences 
in the way in whic^i the different 
organisms rfffect indican , both as 
regards the rate at whic^i they 
determine its hydrolysis and the 
extent to which they have a destruc- 
tive action on indican. 

An interesting opportunity was 
a lb Tr (led him in 1919, at a small 
fact<*y at Panchnoi in Assam, where 
the manufacture was undertaken for 
the first time in Assam by Mr. ],eo 
♦ West. During the first month follow 
•; ing the Bihar practice, the results were 
’> mosj irregular and unsatisfactory ; 
only from ‘1 to Id seers per maund were 
obtained of an indigo of low quality, 
containing only from 31 to 53 per 
cent, of indigotin. The water used 
was found to lx* entirely diffeient 
from that in Bihar, being very soft. 
When bacterial cultures were made In- 
Mr. Hutchinson’s indican-agar 
method the water as a rule was proved 
to be extraordinarily deficient in 
indican splitting organisms. 

# Some Tests 

Mr. Davis further found that igic, 
the Panchnoi water was added toVi 
sterilised solution of indican, the pro- 
duction of blue in^ig^) set* in only 
after 36-40 hours, yin*reas when 
ordinary Bihar water {fell supplied 
^with the indican-sfhitting organises- - 
was tided, a blue dtfy^it of indigo 
set#in witliin 12 hours. Af iXthehnoi, 
on the 23rd to the 29th extractions^ 
during a period when' the results# 
were most variable, it was found that 
on satisfactory days there was a good < 
development of the indican-splittiqg 
organiStns, though not on tilt* other 
days. The water ^vras obtained front a 
small river ^rising the hills a few# 

, miles awqy, and evidently cltanged 
its bacterial character, very rapidly 
as the rainfall in the hills varied. At 
the 33rd extraction if occurred .to 
Mr. West to double it$ duration. # 
A very high yield and greatly im- 
proved *qu^jlity of indigo was the 
result and ^as continued regularly 
over *thirty days in succfision. In 
Bihar, if extraction be continued be- 
ybnd 24 hojjrs, *a very poGr produce 


i4^obfciined. The following example 

«of r a ijteeping vat will illustrate this. 
d v 


Fermentation time 



of steepiug lirs s 

Fervent age of total 

1 1 

U 

indigotin of leaf 
found in extract 1.1. 1 

»3.0 

fUi.d 

Furity of crude 

indigo ... ... 7 1 s 

Mi ti 

.'ilS 


It will be seen that a loss of nearly 
two thirds ot the indigotin was in- 
curred by 2 hours over-steeping. 


Finte of Steeping 

Mr. Davis was led by these observa 
tions to realise that it would he of 
great advantage to ascertain the 
optimum time of steeping for the 
particular conditions prevailing in a 
lactory, and ultimately to devise a 
simple time test. 'Phis involves 
nothing more than taking every 
half-hour a sample from the running 
off pin- or by means of a syphon 
from the bottom of the vat Five 
cubic centimetres of tile sample are 
put into a tlask, fi to S drops of strong 
ammonia diluted with 5 volumes of 
water are then add *d, the liquid is 
made up to 250 c.c. and well shaken, 
then poured into a 100 c.c. \esslcr 
cylinder. The successive samples 
are ranged in order, and the depths of 
colour observed. So long as the 
extraction is incomplete, the depth 
.of blue colour steadily increases ; 
directly the blue colour begins to 
appear faimf’r, extraction should be 
stopped. 

losing this test in Bihar, it is found 
thaf every half-hour counts, marked 
improvements in quality and con 
stancy of products have been effected 
wherever the test has been introduced. 
It constitutes a great advance in the 
technique of the extraction process. 
Moreover, other improvements are 
‘fikejy to come in its train, as Mr. 
Davis has found by its use that not 
rtnly does the extract effected at 
different heights in the vat vary 
in strength, but that the closeness 
with which the charge is packed is of 
consequence, ffs the proportion of 
potential indigotin dissolved out de- 
pends upon the ratio of water *to 
plant. 

To return to the problem of bac- 
terial action, whilst it is clear that* 
organisms play a detcrirthfcd part, 
it is not so clear what part of the leaf 
enzymes take in the process. Un- 
fortunately, the Panchnoi experi-^ 
ments were not carried to the point 
/ of ascertaining to what extent the 
indican was dissolved out of the 
leaf after different periods of steeping, 


nor to what extent it had been 
hydrolysed ; the unsatisfactory re- 
sults may have been due to a pre- 
ponderance of organisms having a 
destructive inlluence upon eitli^r 
indican or indoxyl. No proof has 
been given, however, that indican as 
such escapes to any extent from the 
leaf ; the conclusion Mr. Davis draws 
Irom his results is merely thrt .flie 
indican is hydrolysed to , indoxyl 
practically as fast as it is extracted 
from the leaf. Maybe the differences 
observed are all but entirely the 
outcome of competitive actions by the 
different organisms ; until these are 
isolated and their individual effect 4 
established, it will be difficult' do over- 
look the entire pioccss. t 

Indoxyl is one ot the most sensitive 
substances known to chemists. It 
may exist in solution in two inter- 
convertible forms, in proportions 
which vary probably with teni|x*ra- 
t me and the effective alkalinity or 
acidity of the liquid. These may Ik* 
differently affected by organisms and 
on oxidation. The results obtained in 
the beating vat vary as the acidity 
is varied, and the most favourable 
results are obtained when the solution 

neutral or faintly alkaline with 
ammonia. The main change in 
indoxyl is more fundamental, ap- 
parently derivatives of this compound 
are present in the liquor which are 
not convertible into indigo, but into 
indigo brown, the nature of which is at 
present unknown ; a considerable 
proportion of the indican, however, 
is carried beyond t his stage and for 
this we cannot account at present. 

Carbonic acid may have an in- 
fluence either by retarding or promot- 
ing the action of this or that organism ; 
perhaps its main deleterious action is 
the solvent action it exercises upon pro- 
teinaceous substances present in the 
leaf, which are subsequently pre- 
cipitated, during the beating process, 
together with indigo, thus reducing 
its purity. The so-called itidigo- 
gluten soluble in dilute acids which 
may form 20 per cent, or more of the 
crude indigo is formed in this way. 

In fine, the process is one of extra- 
ordinary complexity and a vast 
amount of labour, combined with the 
highest technical skill and acumen will 
be required to unravel its mysteries, 
and disentangle conflicting elements. 

Special Value of Leguminous 
Cr&ps* 

Let me lif*e dwell iqxm the extra- 
ordinary value of an experimental 
inquiry such as Mr. Davis has initiated 
into the requirement of ;v* typical 



leguminous plant such as indigo. 
Years ago, Sir William Crookes 
aroused public interest by drawing 
special attention to the need of 
nitrogenous fertilisers it the world 
were to be kept supplied with wheat. 
Consequently, the advent of the 
method developed with such success 
in Germany of late years ol making 
ahynmiia from atmospheric nitrogen 
and liytjjogen liberated from water 
hi(s been hailed with acclamation ; 
yet it is a method involving much 
capital outlay and a considerable 
expenditure ot fuel ; even where water 
f power is available the capital outlay 
f is great. Nature's method of attract 
ing nitrogen from the atmosphere has 
yet to b^ appreciated ; at least in the 
Hast this method alone should be 
followed ; the continual use of costly 
artificial nitrogenous manures is the 
outcome of the thoughtlessness and 
lack of observational and reasoning 
powers of which we have too long been 
guilty. We in this country make far 
too little use of leguminous crops 
the intervals in which they figure in 
the rotation are iar too long, but it 
wall be said this is because they 
cannot be grown more often Per- 
haps indigo can here teach a lesson. 

Griivss r Wheat 

The majority of our pastures are of 
the poorest quality as fatting lauds 
and miserably starved of leguminous 
plants. We have to bear in mind 
that clover is as meat, whilst the 
grasses are but as bread ; man cannot 
prosper he can barely exist on 
bread alone, neither can animals on 
its equivalent grass. We know what 
to do to make our pastures be both 
bread and meat. On the noted 
sheep fatting pastures of Romney 
Marsh, the herbage is a luscious 
mixture of the youngest grass with 
clover, of clover grown with a cover 
crop of grass. It has occurred to no 
one as yet to question whether the 
clover grown under such conditions 
has not a special nutritive value as 
compared with plant grown alone*. 
Not only is the clover grown together 
with grass but both are constantly fed 
from above, from the animal drop- 
pings, with nitrogen which is a special 
tonic to the grass, with organic 
matter and with phosphate, both of 
which we may suppose especially 
stimulate the growth of the clover. 
The grass versus wheat controversy 
has greatly exercised tluvjmblic mind 
of late years, the more because then* is 
an undercurrent of feeling that our 
grass lands are often inferior, and as it 


were, meatless* lands ; yet the inriiiiA' 
has an instinctive love for tk-rrt ;• 
an instinctive belief# in 4 heir wduev 
Everything is tending now to show\ 
the importance of quality as. distinct 
from quantity in food. We in this 
country greatly need to improve 
the quality of our food, especially of 
our milk and butter may lx* of our 
beef and mutton, but as yet we only 
know that most of it is superior to 
that we get from abroad, and that 
we should do well to raise far more of it 
at home. Our pigs, we do know, have 
in large part been imperlectly fed, 
and that pig meat is much improved 
in nutritive value by grass feeding. 

Need of Scientific Aid 

W inter grass is poor feed lor milch 
cows, and ol the routs the mangold is 
seemingly worthless in comparison 
with the swede the milk made from it 
being deficient in nutritive power, and 
yet we grow and use the former tar 
more than the latter. Of late years 
the seedsmen have vied in producing 
giant varieties of roots, just as the 
horticulturists have sought for size 
in vegetables. Visitors to the Royal 
Horticultural Society's shows are 
familiar with the wonderful display 
of vegetables by Sir Yicary Gibbs in 
particular, lhit the onion has lost its 
savour, the turnip is all but tasteless, 
the not too broad broad bean has no 
breadth at all of taste, the tomato is' 
flavourless, etc., etc. Such is tlee 
outcome of selection and intensive 
culture. It is the ease of Indjgo 
grown on sect apparently -quanfity 
without quality. We need ttf fyay 
heed to the lessons Mr. Davis has 
begun-— -only begun to draw from 
his enlightened studies of one peor 
leguminous plant and begin over 
again with our crops. All is not gold 
that glitters ; we have been thougHt-** 
less and so academic in our science 
that workers are in no way sufficiently* 
alive to the great practical lessons, 
the great practical issues before their 
eyes, too much of the research, we 
are engaging in is vanity and vexation, 
in large part trivial and with no prac- 
tical motive behind it. The difference 
in value of vegetable products are 
astounding- the lemon, for example, 
is a most active antiscorbutic, wliilst 
its cousin/ the lime, is worthless. 

, These matters are of the greatest 
consequence to ffs all now that we are 
^beginning to be assured that for our 
growth, our health, our susceptibility 
to disease we are dependent on certain * 
minor and indeed minute constituents 
of our food — that food is primarily 


of value bv reason of its quality ; and 
proportion counts. We need many 
things, but we must have them in 
due proportion ; so must the plant. 

Itflverc time that we made more use 
of our knowledge. Man |jves not by 
phosphate alone, nor does the plant, 
and ,yct phosphorus is the nuclear 
element of all jjving matter and our 
primary need ; sooner or later th<^ 
nations must light over its possession. 
That India js in sorjr need of- phos- 
phates is dca^; vet religion and 
commerce combine* to withdraw it 
from use that bones should be so 
largely expoited from the country as 
they are is striking evidence of the 
alarming ignorance "that prevails on 
all matters of this kind. Our own 
position is almost equally bad^^To 
make our meatless grass into good 
sandwich material we need, in the 
first place, to anoint it liberally with 
phosphate- then the clover will begin 
to flourish. Rasic slag we know is 
a good material for the purpose, and 
yet we are now spoiling this % for 
agricultural use by an altered treat- 
ment in the steel furnace ; all the 
other sources of phosphates are 
foreign. The problem is of infinite 
importance. The phosphatic stone 
Mr. Davis lias set rolling in India may 
roll down even upon ourselves, is 
already upon us, in fact. 

However little moss it may gather, 

„ jt should force us to think and per- 
haps to re alise the moral burden upon 
us to make more provident use of the 
fertilising materials at our door* of 
whi^h there is so small and limited a 
stifle at mail’s disposal. 

My object is to make clear the 
immensity and ii^portance of the prob- 
lems before ajs fti agriculture, especially 
in k e.onncetidn with leguminous crops. 
Hi view of their % magnitude it 
is the most <ust rious reflection pos- ' 
sR>le upon* our intelligence that 
industry peculiar to the East and 
particularly t>’> India, undoubtedly in 
principle, the root industry oP its 
• agriculture, of a. lineage than which 
none is more ancient should have won 
no proper recognition and swppprt. 
Mr. Montagu, in his recent speech 
in the HouSe oL tomnfbns, spoke 
of the industrial and agricultural 
resources of India as the one cure for 
the present situation. The special 
correspondent" of the Times, a few 
days later, discussing the impressions 
of a four months stay, drew urgent 
attention to India’s indu^triifl needs. 
Agriculture is the chiefs industry of 
the couutfy— yet it is to be deprived 
of scientific aid when iDis in sorest 
need of help. 
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Installation # of / Extensive Gas Works Plant 

* * t for the Corporation of the City of Glasgow 


By BIRENDRA N^TH DEY, BSc., A.M.InstC.K. etc. Consulting Engineer, 94-96 Kensington High Street, I/OnJon, NV.8, ,, 
(Director, International Engineers' Syndicate, and Eeouoinic Structures Co.) 


(The Corporation of the City of Glasgow, in January 1921, invited Mr. B. N. Dey (the only Indian 
Consulting Engineer practising outside India), along with other Engineers and Engineering Firms, to 
submit a complete scheme for the installation of large works at Pro vail (Glasgow) -estimated at /3(H), 000 
— comprising reinforced concrete and steel structures, elaborate drainage and foundations, railways, 
extensive pipe lines and mains for water, steam and gas supply, mechanical plant, conveyors, valves, 
etc. Mr. Dey’s economical scheme was eventually accepted by the Corporation in March 1921, and lie 
was asked to instruct several large lirms of contractors in Glasgow, I^ondoti, nnd other centres to submit 
competitive tenders based on Mr. Dey’s scheme nnd designs. The successful contractors, Messrs. McBride 
and Gray Ltd., 156 St. Vincent Street, Glasgow, arc carrying out the works under tire supervision ot 
Mr. Dey’s Resident Engineer at Glasgow, and to the desigus. drawings, specifications, bills ot quantities, 
and detailed instructions from Mr. Dey’s I*oudo» Ollice. — Em Ton, “ Industrial India.”] 


Part I. Reinforced Concrete Structures 


T HE adoption of reinforced 
concrete in the construction 
of industrial plants is now 
almost universal. This 
material received a great 
impetus front the demands created 
during the war, when steel lor 
structural use was unobtainable 
except for war requirements. Its 
increasing application in buildings, 
bridges, bunkers, tanks, foundations, 
and industrial structures, was extendi 
to # absolutely water and oil-tight 
structures (as in concrete* ships, 
dock gates, etc.), afid# gas-tight 
tanks knowiyrs purifier! Gasworks. 
Long after its Evasion into those* 
parts of gasworks, <*ogimon to all 
industnal plants, its importance and 
usefulness as a strong, durable and 
economical material f<v the con- j 
struofcon of^as-tight purifier tanks 
were recognised by the gas engineers, 
who were convinced by the successful 
erection of a number of reinforced 
concrete purifiers in the special 
design and •system evoWed by the . 
author, also by the % facts that •these 
tanks coultl be built at a far lower 
cost than those in cast iron, and 
would require no upkeep, not being 
affected by the gases and vapours, tn 
a gasworks, having corrosive action J 
on iron and steel. 

The Corp&yation of the City of 
Glasgow have, in course of completion 
at Provan Gasworks, what will be 
Ojje of the largest and mo^t modern 


purifier installation in this country 
In preparing plans, schemes and 
designs for this extensive plant, the 
author provided as far as possible 
for the use of concrete in various 
forms, both plain and reinforced, in 
his Economic System of Construction, 
Evolved after careful study and as 
tli# result of -progressive development 
based on considerable practical 
experience. The concrete works com- 
print : foundations and bases for 
valves* and machinery ; floors at 
different levels carrying railways ; 
retaining walls ; overhead tanks ; 
buijdings ; piers and girders support- 
ing standard gauge railways ; plat- 
forms and gangways ; and various 
structures supporting large diameter 
pipe&, runways for lifting gear, 
ufnveyors, stairs, roofs, etc. 

The plant is to be used for purifying 
large volumes of gas. The gas as 
manufactured from coal by heating 
it in closed retorts, is full of impurities, 
of which tarry vapour, ammonia, etc., 
are removed by cooling and washing, 
and the remaining impurity, sul- 
phuretted hydrogen, is eradicated by 
passing the gas through layers oh 
hydrated ferric oxide (found#* natural 
state as " bog ore ") placed in Large 
1 tanks or purifier boxes, each having 
four stfel covers with rubber lutes 
and fixings. The boxes are carried 
on columns and beams at a height of 
about 13ft. above ground level. Peri- 
odically, the spent oxide is removed 


ftom the boxes, by discharging through 
t he holes in the floor of the boxes into 
bogies run on rails below the purifiers. 
Fresh or revived oxide is to be 
supplied from the revivifying floor 
about 9 ft. above the boxes, through 
discharge chutes or conveyors. The 
oxide is to be brought and distributed 
over the revivifying floor by a 2 ft. 

0 inch, gauge railway from the Oxide 
store at the west end, which in turn 
is replenished from the 4 It. 8^ inch 
gauge rail tracks, at a higher level 
delivering both fresh and spent oxide, 
through disintegrators, into the 
narrow gauge bogies underneath. 
The mains supplying the gas to the 
plant are 48 ins. diameter, reducing to 
30 ins. at the west end. The con- 
nections from the mains to the 
purifiers are 24 ins. diameter a nd 
18 ins. diameter pipes, through various 
valves. The oxide is placed on 
wooden grids resting on steel bearers 
supported on concrete ledges, and 
brackets inside the boxes. The steel 
covers are lifted when required by 
lifting gear cunning on runway joists 
fixed to beams under the revivifying 
floor. 

The area of ground within which 
the new plant is being erected is about 
* 702 feet from west Jo east, and about 
240 feet from north*to South, amount- 
1 ing to about 19,000 square yards. 
The new # plant is laid out to deal with 
24 million cubic feet of gas per day, 
comprising 24 ’purifier boxes -with 
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Catch Boxes and adjacent l’urifler House under construction 


catch boxes (erected between the 
existing plant and the new purifier 
plant, which will be used in case of 
anjt possible failure of the routine sets 
of either plant to do the work of 
purification. The building containing 
the purifier boxes, when completed, 
will be 505 feet long from face of No. 2 
retaining wall. A revivifying floor is 
constructed within this building at a 
height of about 32 ft. from the 
ground. At the same level on the 
high ground between Nos. 1 and 2 
retaining walls, the new oxide store, 
about 150 it. wide, is laid out. Stairs 
with access to different levels are 
provided at different points in the 
phflit. Approximately 80,000 square 
feet of roof area are covered* by 
corrugated asbestos sheeting, wfth 
ventilators and gutters for ^adequate 
roof drainage, etc.* £fhe roofs are 
carried by steel roof tr%is^s supported 
by reinforce® excrete eaves an<[ \^tj- 
ley beams and columns. 

Detitgn. No other sTstem # ol con- 
struction requires so much advanced 
and thorough knowledge of the theory 
of s^ucturgs'and of the properties amt 
strength of materials used, ms concrete 
ideally reinforced with steel. Although* 
limitations in stresses of concrete 
and s£eel were imposed, the author 
was allowe^l to i&sc his # own metjiods 
as embodied in hi* economic :jystemf 
in the preparation of his designs, and 
instructions for the contractors. These 
methods, being the # outcome of 
independent investigations, on rein- 
forced concrete treated as a composite 
material, having special properties 
which shotid* be utilised to the best 
advantage, are necessarily^it variance 
witiTmany established ideas based on * 
designing always in analogy with 
Similar steei structures. ° * 


Practical considerations also 
governed the design, 'file scantlings 
ot the dilfet el it members of the 
structures were determined hv 
economical practice, enabling lemov 
able units ot shuttering to be used 
repeatedly. 'i'lu* reinforcements weic 
arranged in a simple manner, so that 
same could he easily placed and 
inspected. 

One of the main features of the 
design is the comparatively thick 
slab with tew ribs, which has proved 
to be economical, simple and easy tor 
erection, amply strong to withstand 
all stresses, and mole effectively 
waterproof and gaslight than thin 
slabs with numerous ribs. Past 
experience has also proved that oil 
anq ^as tight tanks should first Im- 


properly designed with sutheient rein- 
forcement (nieshwork on both faces 
as far as possible), to resist every 
stress likely to be encountered, and 
then that the concrete be p!ope>Jv 
proportioned (a mixture of say cement 
1 ; sand 11 : aggregate 3), mixed and 
placed and adequately protected 
dining early hardening so as Jo 
develop the proper strength jnd 
density ; unless these two essentials 
art- taken care ot, no coating on yic 
inside will compensate lot them. 

Pimfurs (uul ( \itch lio\ys. These 
boxes are grouped in pairs. The unit 
pair consists of two boxes with 
partition wall between them, each box 
having inside measurement \>f about 
1550 square feet area and* at least 
<>ft. depth The floor slab is average 
8 ins. thick, divided into panels about 
20 ft. square, which are bounded on 
two sides by beams 12 in by 30 ins. 
deep (overall), and the wall beam on 
the other two sides, carried on col- 
umns one at each corner of the floor 
slab, as shown in drawings. The wall 
slab, forming sides of the boxes, is 
0 ius. thick, and is reinforced to resist 
lateral pressure due to hot h pneumatic 
and water tests. It is also designed 
to act with the bottom beam portion 
(0 in. by 30 in. dee]>) forming wall 
beam to support one side of the floor 
slab. The junctions of the wall slab 
with floor slab at the bottom and 
gangway slab at the to]), are 
adequately reinforced to resist end 
fixing moments. The roof of each box 
is formed by 12 in. thick gangway 
slabs, leaving four square openings, 
each about 15ft. by lift , covered 
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by ^eel covers. Thfe side gangways dtanfeter, four for emptying oxide', both top and bottom. The rein force- 

|f* e 3ft. wide. ihe two centre gang- Jpr inlet and two for outlet gas ments at the top face are provided 

pays at nght angles to each other wipes* Fertro-concrete ledges and to take up tension due to loading of 
Sire 5 ft. wide, and are tied to the brackets are provided along side walls, an adjacent panel, and part coni- 
soor slab and supported by a central to carry grid bearers. The gangway pression due to centre bending 
°U ler pillars. • is built with lugs in proper jxisitions. moment when the panel itself is 

The flo»r and side (wall) Slabs are for covers and fixtures, to carrv loaded, 

designed to sustafti the hydraulic steam coil. The floor sides and gang- The retaining wall around the 
test of filling each box brimming full ways are reinforced with steel bsis revivifying floor is fi in. thick and Oft. 
gf water, and to withstand all stresses in two directions at, right angles to (>in. high, and is designed to tetyin 
due to 4 ft. deep of oxide (65 lbs. each other. The concrete mixture for oxide heajK'd against it tip to Oft. 

square feet), evenly distributed and t lie boxes (floor, sides, gangways, deep. It is also designed to act with the 

localised loads due to jnlct and outlet beams) is 1 : 1 : 3, and for columns is bottom beam portion (fi in. by 25 m. 
pipes and tixide discharge valves. 1:1:2, representing the proportions deep), forming wall beam to supjxut 
Ihe floor, sides and roof (gangways of cement : sand : aggregate. the end floor panels. The junction of 

and covers) are also designed to Revivifying Floor. This floor over this retaining wall with floor slab is 
sustain the pneumatic test of 50 the whole area of the purifier house, adequately reinforced to resist end 

inches water gauge pressure applied above the purifier boxes, is designed fixing moment. The reinforcements 

for six hours. The gangways are to carry a load of oxide 4 ft. deep, provided in the wall are stegj bars in 
designed also to carry an external or 260 lbs. per square foot. The floor two directions, at right angles to each 
supeirload of 56 lbs. square feet, slab is average Sin thick, divided other, and on both faces. Openings 
direct and transmitted through the into panels approximately 10 ft. by are provided in this wall for conveyors 
covers, over and above the weight 20 ft. and 20 ft. by 21 ft . bounded on and staircase landings, where they 
of the covers. The inside pillars are each side by a beam 12 ins. by 25 in. occur. 

designed to carry loads transmitted deep (overall.) The floor is finished The beams are designed to carry 
by grid bearers (supporting grids smooth on the lace by j in. granolithic the distributed load transmitted by 
carding oxide) and to withstand all incorporated into the slab, One floor slabs, loading due to 2ft. flin. 
stresses due to pneumatic test of 50 hole in the centre of each panel is gauge railway laid on the floor, and 
inches water gauge pressure. The provided for distributing oxide to that due to runways supported from 
beams are designed to carry the the purifier below. Drainage holes Ihe beams under the floor, carrying 
distributed load transmitted by the and holes for hydrants and sinks lifting gear with raised covers. The 
floor slab, and to withstand all stresses (water supply) are also provider!, concrete mixture for the floor slab, 
due to localised loads from the The floor is graded to surface drains, beams, and retaining wall, is 1:2: 
pillars, inside the box, and from ga.- Each panel is designed for maximum 4. and for the columns supporting 
pipes carried on slings supported bending moments at centre and at the floor is 1 : 1 : 2, representing 
from the beams, below the floor slab, supports, due to most severe eases of the proportions of cement sand, ag- 
The beams are designed not to deflect, loading, viz., maximum for centre gregate. 

more than one thousandth part of when alternate panels are loaded, Oxide Store. The railway track 

their span under maximum loading. mmximum over support .when adjacent girders are designed to carry a 

%he floor in each box is laid to fall panels are loader*. The floor slab is working load of 2 tons per lineal foot, 
to four drainage holes, and is 4 ilso reinforced with steel bars in two and are supported on mass concrete 

provided with eight other holes 18 lii. directions at right angles to each other, piers, the end supports being the 

» > 
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Fart View of umlernlrie of Purifier Itoxr*, showing Spacing of 
BeaniH and the (urge Panels of ttlnh* 


from point of contraflexure at the 
bottom of the beam to the column 
support at the top of the beam, 
instead of the common practice of 
pro\!dim; many sets of diagonal 
with ‘Jiarp bends at* f intervals. 
Stirrups are also provided to take up 
shea! in beams. Columns are 
adequately hoof>ed. 

• • 

Construction Operations. It would 
be interesting to give here a con- 
cise account of $he methods employed 
in the various construction oper- 
ations and the results obtained, to 
attain maximum output and •speed 
of erection, compatible with tirst 
class work being ensured, and practic- 
able under existing circumstances 
influenced by local conditions. The 
present day system of organWRtion 
and scientific management applicable 
to erection of straightforward strue* 


No. I retaining wall it one end, and 
two reinforced concrete columns, t ratis 
mittiug the load through a girder 
to No. 2 retaining wall, at the 
other end. Over each support is 
provided a cantilever designed to 
carry columns supporting the roof. 
A gangway 3 it. wide is provided 
along each track girder, and is 
designed to carrv a superload of f>(> lbs. 
per square foot. Two platform slabs, 
each 12 ft. by 24 ft., carry the disinte 
grator machinery and motor house, 
and are supported by reinforced 
concrete beams and columns. 

All roof trusses and roofing are 
carried by reinforced concrete eaves 
and valley beams, supported by rein- 
forced concrete columns. All columns 
are carefully designed for both direct 
load and induced bending due to 
beams being fixed to the columns, and 
monolithic with same. The combined 
direct and bending stress per square 
inch in every case does not exceed 
that allowed for the direct stress 
alone. All beams are designed for 
maximum bending moments at centre 
(when alternate spans loaded), and 
maximum bending moments at sup- 
ports (when adjacent spans loaded), 
taking into account the fixity with 
columns. Triangular distribution of 
load has oecn assumed as being 
transmitted by the floor slab to the 
supporting beams, which are accord- 
ingly designed. Wind pressure as 
specified by the L.C.C. Regulations, is 
taken into account in the designing 
of all structures. 

The floor slab forming the ground 
floor of purifiers and catch boxes is 
made of mass concrete varying from 


bin. to 4 in. thickness, laid to drain 
tails. 2 i I bin. rail tracks are suitably 
embedded in them and adequately 
drained. The various valves and other 
foundations are of mass concrete. 

1 he Oxide store floor is made of 
1 : 3 : fi mixture of concrete, 

average 4in. thickly reinforced with 
j of one per cent of steel, and graded 
to surface drains. 

Sharp bends and small angles with 
verticals are strictly avoided in 
all reinforcements, specially those 4 * 
diagonal bars provided for shear. 
The shear reinforcements mainly 
consist of one srt of diagonal bars 


turgs on open sites, had to be 
considerably modified to suit a com- 
plex scheme with ferroconcrete t and 
steel structures, elaborate drainage, 
intricate pipe lines for gas, steam and 
water, valves, lifting gears, conveyors, 
and railways at different levels, all 
involved with each other, and 
contiguous to existing plant. 

The progress of the works, started 
nominally in May 1021, was hampered 
by’the Coal Strike, until August 1921, 
# when tlie first consignment of column 
reinforcements arrived, enabling the 
operations to be started in full swing. 
By the end of the year, nearly a 
third of the works was completed. 




Part of Revivifying Floor 



In spite of the suspension of operations 
for two weeks at a time, due to frost, 
a steady progress on the average was 
maintained, resulting in over two- 
tliirds of the works finished by# the 
end of March 1922, and the remainder 
w r ell on lift way towards completion. 
It is anticipated that at this raterthe 
whole works will b# finished by 
August 1922, \fchich, if fulfilled, will 
establish an all-round record in 
industrial construction in Uiis country. 

Site, Nature of Grotthd, Excavation. 
It was decided to proceed first with 
the construction of a reinforced 
concrete retaining wall (35 ft. high 
and about 200 ft. long), on a line 
denoting the division between the 
Oxide Store at the high level and the 
Purifier House and other plants at 
the low' level. From the contour plan 
it will be seen that the foundation for 
this wall had to be excavated near the 
toe of a sloping embankment, a 
considerable portion of this slope 
being on the area to be covered by 
the Purifier House. This excavation 
had to be done and the soil removed 
so as not interfere with the two sets 


Works under construction taken Nth May, 1922 

of purifier boxes (adjacent to the 
wall), required by the Corporation 
to be completed as soon as possible. 


1 >itficulty was experienced in obtaining 
adequate area on the Oxide Store 
floor level to accommodate sufficient 
soil from the wall area, column found- 
ations and excavations, necessary 
for infilling behind the wall, without 
placing too great a surcharge on the 
upper level to the vertical face 
excavation, required in the* bank to 
provide the requisite width of founda- 
tion for the wall. 

The excavation tor the wall was 
commenced at the south end, the 
soil being hoisted to 228.25 level by 
means of a 5 ton steam derrick crane, 
mounted on travelling bogies placed 
parallel to and distant 5 ft. from the 
top edge of the slope of the bank. 
This arrangement allowed the use. 
of a 75 ft. jib. The area, “ clayheap " 
and column foundation excavation 
was commenced from the east end 
of the site, and the soil conveyed in 
narrow gauge train loads to within 
reach of the steam crane, for hoisting 
and depositing on the upper level, 
to be used for infilling later on. This 
crane travelled towards the north 
and formed spoil banks. 

The nature of the ground generally 
proved to b# boulder clay necessitating 
the use of explosives for wall and 
“dumpling” excavations. The column 
foundations being carried to no 
considerable depths, were executed 
withordinary pick and shovel methods. 
Towards the end of the frail excavation 
progress waj* made in this work by 
directing streams of water from hose 
pipes to thin horizontal beds of sand 
found at intervals, allowing , und<tf- 

7 



I N .D U S T R 




I A 


cutting of the boulder clay above 
and proving a desirable combination 
when using explosives, Explosives 
used were 50 fjer cent, nitroglycerine 
imposition charges tired by time 
fuses ; gunpowder had not even a 
loosening effect, merely forming 
" pot " holes. Such In i rig the nature 
of the ground, an elaborate method of 
ligihuring (piles, walings sheeting), 
the vertical face excavation for the 
wall was not necessary. The method 
vised was that of raking shores through 
the line of wall, each requiring to be 
removed as work reached the point 
of intersection with them, and being 
replaced with further temporary 
struts to wallings from back splay of 
wall at the base. The excavations 
for drains and other pipe trenches 
were executed in the ordinary way. 

Construction Plants , etc. The nature 
of the available site and the disposi- 
tion of the existing works, did not 
permit of many facilities for carrying 
out the construction works. The 
lay-out of the' mechanical and other 
plants required for construction 
operations, and the temporary build- 
ings and sheds, was accordingly 
schemed to the best advantage to 
suit the site. It was decided to instal 
electrically driven plant, to eliminate 
any possible risk of gas explosions 
owing to the field of operation being 
so close to existing gasworks. Con- 
nections were obtained at a new 
sub-station of the corporation located 
within the gasworks. This entailed 
erection of over 1,300 lineal yards of 
cables suitable for a scries of motors 
totalling 00 horse power wound for 
440 volt, 25 cycle 3 phase, alternating 
current. A motor, driven 30 ins. 
diameter circular saw, was installed 
to expedite preparation of shuttering, 
riant for preparing steel reinforce- 
ments consisted of two manually 
operated benders, and these proved 
capable of an output sufficient to 
cope with concrete placing require- 
ments. 

Temporary buildings consisted of 
riggers’ shed, joiners’ tool store, 
foremen’s office, joiners’ workshop, 
cement readying shed, general store, 
steel preparing shed, pipe titters' 
workshop, labourers’ bothy, etc. 
Materials were generally railway con- 
veyed, standard gauge sidings being 
situated on the south and east sides 
of the site, an area adjoining, each 
being reserved for unloading heavy 
pipe connections, valves and other 
castings, rail, and structural steel- 
work. 

Mixing, Hoisting , Pouring and 
placing "o£ Concrete . Concrete was 


mixed by means of two " Ransom^" 
self-elevating feed hopper type lexers* 
each of J[ cubic yard €apacitf. anjl 
another mixer placed on 196.50 level* 
near the retaining wall and later in 
the purifier house. Cement was 
stored and aerated in bins of 10 tons 
capacity, placed immediately behind 
the mixers ; the. requisite quantity 
for each batch being measured into 
Ixjxes, and as required the contents of 
these boxes were weighed. Hoisting 
of concrete was done by means of 
two timber hoist towers, each 72 feet 
high, equipped with “ Ransomc " 
type automatic tipping hoist bucket, 
having a hoisting speed of 70 feet 
per minute, from a belt driven friction 
winch situated at bottom of towers ; 
the concrete was discharged into re- 
ceiving hoppers and conveyed by 
metal chutes to receiving platforms, 
placed within short wheeling distance 
of “ points of fill.” The actual 
placing was done from barrows 
depositing their contents where 
required, attention being rigidly en- 
forced to ramming and punning around 
reinforcements. These methods en- 
sured that at such points as at the 
junction of the reinforcing steel from 
four beams over a column the supply 
of concrete can be diminished in 
order to allow proper ramming to 
surround all the steel reinforcements, 
whereas if these points were tilled by 
concrete direct from the chutes the* 
quantity may be overwhelming to 
the operatives, with the result that 
particles of the aggregate may lodge 
between the upper bars and prevent 
proper surrounding of lower ^>ars 
with concrete. % 

For the construction of the 
retaining wall one mixer was placed 
at 196.50 level, near the centre oUthe 
wall, to allow of filling the base and 
bottom splay concrete direct from 
narrow gauge travelling side* lip 
wagons running parallel to face of 
wall. Tlie upper portions of the wall 
were tilled by hoisting skip wagons 
to 228.25 level, and discharging their 
contents to timber chutes placed 
on slope of bank, ^concrete being 
collected on receiving platforms placed 
between counter-forts. In addition 
to cement storage close to mixer% 
a cement receiving shed was coti- 
«fctructed]centrally between the mixers, 
and capable of holding a sufficient 
quantity to permit of 28 days test 
before using. <r 

The quantity of measured* placed 
4 concrete in one week of 49 J hours, 
amounted to 200 cubic yards, this 
work being to requisite thicknesses, a 
large proportion of which (in floor 


slabs), necessitated “ screeding ’’ off 
to depth gauges and subsequent 
tooling to provide desired finish. 

Materials Tests. Concrete aggregate 
conSiste(^ of special steel slag crushed 
to pass 9 u | in. inesh. Sartd^from local 
pit supplies proved to bulk well with 
aggregate. Results from crushing 
tests on 6 in. bribes at 28 days and 
taken from batcher# of 1:1J: 9 
mixture in course of depositing 
showed 3,330 lbs. sqifare inch. Cement 
used consisted entirety of English 
Portland Cement of medium setting 
standoff]. No water-proofing com- 
positions were added to concrete. 

Shuttering. Throughout the work 
the shuttering used consisted of 
1J ins. thickness, white pine butt 
edge jointed boarding, machine 
dressed on loth faces and edges. 
For slabs the ducking was laid on 
6 ins. by 3ins. joists, supported by 
runners and struts wedged upon 
timber soles well embedded in the 
ground. For vertical hoarding the 
shuttering was supported by 6 ins. 
bv 2 ins. profiles placed on edge and 
fixed above the concrete gangway 
level by runners to inner profiles, 
which were again racked between 
themselves to form a rigid structure, 
no bolts were placed from outer to 
inner shuttering through walls, which 
were later to be subjected to water 
and gas-tight tests. Shuttering for 
beam soles were constructed in 
timber of 3 ins. thickness; this 
allowed of the use of fewer struts — a 
considerable advantage in providing 
\yorking space for handling large 
diameter gas pipe connections. Ample 
provision was lyadc for washing out 
all beam forifls and wall boardings by 
means of la r£e sized apertures. It 
•was* considered advisable to leave the 
decking of stybs for a period of three 
jveeks t.after concreting before strik- 
, ing ; vesical boarding was struck 
four days after concreting, and beam 

* soles were allowed to remain with all 
supports in position for six weeks 
before striking. The various castings, 
P.g. outlet and inlet pipes, oxide 
discharge valves, embedded in floors, 
were supported independent of floor 

* shuttering, the& supports being 
allowed to remain in position for 
some considerable time after striking 
slab shuttering. Great care was 
ttfkeo to have all sepms and interstices 

*in shuttering dosed* before com- 
mencing concreting, witii the result 
that large areas of the ivork required 
no further treatment to g;ve a 
satisfactory skin finish. • 

• (To be continued) 
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THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 

INCLUDING, MACHfNE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 
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The British Industries Fair, Birmingham 


Concluding sureey of some of the leudiu g exhibits. 
# I he first sureev appeared in our June issue 


T il 1 v 11 eutly-Greslui m En- 

gineering Co. Ltd., exhibited 
some very line examples of 
the most up-to-date types 
of oil engines of small power. 
In line with modern practice these 
are of the vertical type, with totally 
enclosed crank-chambers, thus keep- 
ing all moving parts carefully guarded 
from the inroads of dust and foreign 
matter. Imbrication is automatic, 
and the sets are very simple to operate 
— the ease of operation having been 
reduced to a very fine point. By 
means of a veiy small modification to 
the design, the engines can be run 
on town gas, while among the oil 
fuels which can be used with equal 
satisfaction may be named petrol,* 
paiaffin, benzole, kerosene, alcohol, 
and indeed any oil of a similar natuie. 

It will be noted that the camshaft 
drive is by means of a silent chtiji, 
this divergence from the usual gclr 
drive having proved over tdie past 
10 or 12 years tdl possess many 
advantages. Failure b#> r breakage is 
practically lfou-j^stent, whereas, *s # 
is well known, machine-cut gear 
wheels are apt to fail in*this fanner. 
In the case of The chain, the strain iS 
taken on practically half* the total* 
number of teeth, whereas with gears « 
one tooth alone has to bear the whole 
of the load. 

In a similar way the magneto 
alscj chain driven, and this method, 
as in the case of^the camshaft, has 
proved the # most reliable that can be < 
devised. • 

On their larger engines the latest 
word in magnetos can be seen, these 
magnetos being fitted with an auto- 
matic spark inteifsifier which comes # 
into operation when starting up, the 
action not oily intensifying the spark, 
but also retarding it. The device 
automatically disengages as the en- 
gine runs up to speed, and by its use 
€*en large engines can be Started up 


by hand, it is only necessary to 
crank round slowly. Indeed, it is 
unusual if the engine docs not start at 
the first pull up of the handle. 

In all types the speed is controlled 
by a sensitive yet robust centrifugal 
governor acting on a throttle valve, 
which admits fuel in proportion to 
the load demanded from the engine. 
In many cases the speed does not vary 
as much as 2 per cent, between full 
load and no load. 

A further point to which attention 
might be called is the use of the 4 
stroke principle, as for stationary 
and portable engines; this has much 
to commend it over the 2 stroke 
principle. With the 4 -stroke principle 
lit is only necessary to keep tight 


the valves and piston lings, ^vhile in 
the ease ol 2 stroke engines there are 
not only these points, but also the 
various joints of the ciank chamber, 
and particularly the apertures through 
which the crankshaft must pass. It 
is, of course, a misnomer to say that 
the 2 stroke is a valveless engine, 
because it is always necessary to have 
a valve to control the air inlet, and 
another to control the iuel injection. 
K Unlike many engine manufacturers, 
the lleatly Gresham Kugineering Co. 
Ltd. produce in their own works 
practically every component part of 
their engines. The forgings entering 
into the composition of these engines 
are made in dies by the most up-to-date 
methods, lessening production costs 
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and ensuring interchangeability. In 
the same way the castings are made on 
the latest machines known to Foundry 
science, quantity production and 
uniformity of quality and size being 
striking characteristics. Added to 
these points is the machining of all 
paits accurately to jigs, and within 
defined limits, thus ensuring inter- 
changeability of the finished items, 
so that the fitting and supply of 
spares is simplified to the greatest 
possible degree. 

Messrs. Ashworth, Son Cr Co. have a 
very representative stand of weighing 
instruments, ranging from a diamond 
balance to a weighbridge of 20 tons 
capacity. 

The latter is specially constructed 
to deal with all types of road vehicles, 
no matter what the concentrated 
weight on the back axle may be, of all 
types of motor or stcanuwagons an 
unique feature is that it will weigh 
a load of 10 or 12ewt. with equal 
accuracy as 20 tons. 

On the stand are displayed photo- 
graphs of weighbridges, constructed 
to carry the largest and heaviest 
locomotives yet made, with weighing 
capacities of over 100 ‘tons, which 
makes the 20 ton weighbridge, shown 
it; the front of the photograph of 
stand, Ibok insignificant. 


I A,i L «' 

•* * 

For use with ftlfbse 
weighbridge are pillars 
and steelyards wide!* 
record the weighings on 
tickets ; this printing de- 
vice is quite new, as it 
embosses the weight on 
the cards used, giving 
clear, bold figures. A- 
mong the exhibits are 
two kinds of automatic 
dial indicating mechan- 
isms, which instantly 
shows the weight of loads 
on a graduated dial face 
these are largely used 
in collieries and cattle 
markets. 

There is a very fine 
display of platform 
weighing machines, fitted 
witli improved types of 
steelyard, in all ranges 
and types, suitable for 
every trade. 

A selection of counter 
scales are shewn finished 
in the very best possible 
way with hard gold hy- 
genic paint, which can 
Ik* readily wiped without 
deteriorating the first- 
class finish, and are an 
acquisition to any trades- 
man's counter. 

Years ago chemists used to go to 
(icnuuny for chemical balances, bur 
Messrs. Ashworth & Sou can now iill 
these requirements with suitable 
balances, a number of which # arc 
exhibited by them. • 


.1 N D, I A 

Quite a small weighing machine 
is exhibited, called a Crane Weigher, 
and it seems incredible that so small 
an ipstrument can be slung up on a 
crane ami weigh accurately from a few 
pounds 4 up to say 5 tons or*nore. 

\ further review of the exhibits 
will appear in f our next issue. 

The exhibit of [he “ Pneulec[ 
Machine Co. Ltd., aroused consider- 
able interest. Foyndry equipment 
including theij electrically operated 
jam jar moulding fnaclmies and roll- 
over core-making machines received 
purticiflur attention. The “ Pneulec” 
Tamper Moulding Machine is some- 
what of a new departure. 

It has been designed specially for 
the making of light repetition castings 
where the moulds required are* com- 
paratively shallow, say up to (jin. 
deep, but whilst this class of work is 
most suitable, it can be still used for 
making moulds which have to be 
rammed by hand to a large extent, 
i.e., it can also be used as an ordinary 
hand ram machine. 

Reference to the illustration will 
show that the machine consists of a 
stand (A), which is cast in one piece, 
and to which is attached the pressure 
plate (H), by means of the brackets 
(C), which are adjustable vertically. 
The pressure plate is pivoted at one 
end in the brackets (C), and can be 
, swung downwards on to the top of the 
mould to give the tamping action. 
The weight of t his pressure plate is 
counterbalanced by the strong spring 
(1)^, which can be adjusted to any 
tension, thus varying the strength of 
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Pneulcc Mouldln&Machlne 

the blow given by the pressure plate. 
The pattern is withdrawn by means of 
the lifting rods (li), which engage on 
the edges of the moulding box. 
These rods are carried oil adjustable 
arms (!•) in order to suit different 
sizes of boxes. The lifting rods are 
raised and lowered through the ' 
medium of a link motion by means of 
the hand lever (0). When the mould 
has been rammed and the pattern 
is ready to be withdrawn, the le\*u 
(G) is pulled gently towards th? 
operator until it engages with the 
spring catch (H), wfcic^ holds the 
lifting apparatus stationary whilst 
the operator takes ^the mould away? # 
The counterbalancing effect makes 
the machine surprising!^ ea<^ to 
manipulate, and* it is astonishing how * 
hard a mould can be rammed with the 
slightest of efforts. 

The Tangent Tool Engineering Co. 
Ltd. were showing a number of new 
tools. Their Tangent Rod Shearing* 
Machine, illustrated, will be found 
of great utility for catting «ff round o* 
square rods, especially so in ^uch 
cases as in ferro-concrete work, etc., 
where quantities of a {Jlven length 
are required. The shearing is effected 
by means of a pair of hardened and 
tempered circular aies, one of which i 
is fixed in the frame, the other being 
carried by tl^ movable arm of the 
machine. The opposing faces are 
ground? and aje kept in contact by a 
hardened and ground central pin, 
wjfich also serfes as the fulcrum. Th^ 

t • • • 
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. • |dies each liave four slightly 
pc reck hqjes of different sizes 
* to suit different sizes of stock, 
and if care is taken to see 
that the work is inserted in a 
hole most nearly approaching 
the size of the stock, a clean, 
square and undistorted shear 
is obtained.* The dies are 
quickly removed for regriml- 
ing or replacement. The 
capacity of this machine is up 
to , 7 tfin., and the weight is 
only 17 lbs. 

A great labour-saver for 
engineers is Wilson’s Patent 
Nibbling Machine for the rapid 
cutting of metals, exhibited 
by Messrs . J. B. Stone & Co. 
Ltd. Amongst the many 
claims made for this machine 
we noted that it will quickly 
cut or perforate to any design 
all kinds of sheet metal. The 
traverse of cut is in any 
direction, following closely the 
outline of a template or graph 
without leaving the edge com- 
pressed. It is instantly 
adjusted to different gauges of metal, 
and will cut at an average speed of IS 
inches per minute. It is an indis- 
pensable and economical unit for the 



‘Taagent Rod Sb taring Machine 


making of cast steel gauges, and is 
ready at any moment to cut one or a 
quantity, and is so simple in «m». 


Wilson's Nibbling Mnchlno 



struct ion that it can be operated by a 
boy. The machine can be run at 1100 
revolutions per minute, and the job 
needs no tiling after leaving the ma- 
chine. It takes very little room and 
requires under one-half horse power. 



Kendrick l amp 

As real efficiency is only obtained 
, by local lighting, every works manager 
will appreciate the economies effected 
by the Kendrick portable (electro- 
magnetic) lamp. The Kendrick lamp 
exhibited by The NPal$ Magnet Con - 
• struchon Co. Ltd., consists of a com- 
bined iamphcAaer and electro magnet, 
which is Suited to any direct current 
circuit, and adheres firmly to any 
iron or steel surface wheth«*»or not 
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it is covered with \ 
It can bo attached 
so as to throw the 
on the work in progre 
‘both hands froo. A 
base facilitates rapid 
putting out the light, 
shows the Kendrick 1, 
1 motor car repair job. 


>aint or enamel 
in any position 
maximum light 
■ss whilst leaving 
. push switch in 
removal) without 
< Jur illustration 
ami]) in use oil a 



Mutux Petrol Ilruah 

A new and entirely original in- 
vention is the Mutax Petrol Hrush 
exhibited on the stand of the Mutux 
Co. J5y its use dry cleaning can be 
done at home, cheaply, efficiently, 
and without risk. It consists of (1) 
a scientifically designed pure hog- 
bristle brush and (2) a white metal 
alloy container, into which this brush 
is clamped. A simple valve device 
allows the petrol or other cleansing 
spirit with which the container is 
charged to steadily pcicolate down 
the bristles as the brush is used. 
And here is its advantage over all 
other methods of petrol cleaning 
only clean fresh spirit comes in contact 
with the fabric, and the brush itself 
is never dirty. It is leak-proof, neat 
in appearance, and convenient to 
handle, while its total cost is no more 
than that of a good ordinary clothes 
brush of equal quality. 

The Ransome & Newell patent 
Self-aligning Hand Saw Guides and 
automatic Saw Sharpener for small 
circular and narrow band saws were 
the two items exhibited by Messrs. 

A. Run so me cr Co. Ltd. 

The chief feature of this patent 
guide is that the jaws, or guiding 
parts, instead of being rigid as in all 
other guides, have a swinging move- 
ment which allows the back of the saw 
to swing freely while the teeth are 
held practically stationary. It will 
readily be understood 'that as the 
guide moves freely with the saw it is 
impossible to twist the saw in the guide. •* 
The back of the saw blade swings 
freely throughout its entire length 
between the say; pulleys, instead of 
having to withstand the severe twists , 
and strains to which it is subjected 
by the use of a rigid guide. , 

As the saw blade cannot bind 
againsj. .^lie guide plates, heavy side 


friction is entire- 0 • C" 

ly eliminated, # t 

and thus the ^ 

wear on the saw 
and the $uide 
plates is very 
greatly reduced. 

An experience of 
several years has* 

proved beyond A 

any doubt that '.-0m 

the use of these . 

guides results in "" 

a very large re- 
duction in saw 
breakages. The 

swinging move- |SK 

ment automati- 
cally compels 1 1 ic 

saw blade to fob I 

low the true line 
of pressure and 
any tendency of 
the saw to de- 
viate causes the 
guide to react 
upon it, thus 
immediately cor- 
recting the devi- 
ation. For rip- -m-uHam..* Hand Saw Guides 

ping and resawing, and for all work 
with templates, or sawing on centres, 
it is unequalled, and does work which 
must be seen to be believed possible. 

For curved work the operator is 
enabled to force the saw round the 
shortest curves without kinking <ft 
straining it, and it is therefore # in- 
valuable for pattern shops and for 


general work < >n ajiiachine‘equipped 
with them the operator can saw 
close to the line without spoiling 
the work or necessitating a lot of hand 
finishing, as the saw will cut perfectly 
true from top to bottom whatever 
the depth (see illustration). The 
greatest care is taken in the manu- 
facture, and each detail is properly 
designed and 
• 9 proportioned for 

the work it has 
to perforin. 



Band Saw Guide on Machine 



Low Temperature Carbonisation (iii) 

• # By DAVID BROWNLIE 

B.Scfllons. (Lond.), F.C.S., A. MI. Min. K., Mein. Am. Soc. M.K., A.I Meili K , etc. 

hi ttys the third of our series of article $ on Low Temperature Carbonisation, 

• Mr. Brownlie deals with the pioneer work of Messrs . Sutcliffe , Speakman iS* Co. Ltd. 
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HE Lure Coal^kiquette pro- 
cess ftf carbonisation consists 
essentially in grinding the 
coal and mixing it* with 
ground coke breeze, non- 
coking coal, or coal subjected to a 
suitable preheating treatment, so as 
to prevent it swelling on carbonisa- 
tion. •The mixture is then briquetted 
without a binder, at high pressure, in 
special briquetting presses, forming 
what is know'll as a pure coal briquette, 
because no pitch or other material is 
necessary to bind it together. These 
briquettes are of high quality and 
are sold in competition with the 
ordinary briquettes. 

The chief point of interest, however, 
is that such special briquettes can be 
carbonised without any expansion 
taking place during the process, and 
the residual fuel, even when containing 
only 2 per cent, volatile matter, has 
not only the usual properties of being 
smokeless and burning with a high 
emission of radiant heat, blit, also 
ignites without difficulty, like coal 
or charcoal. The reason of this 
remarkable and valuable property 
seems to be in the extremely fit* 
granular condition of the carbonised 
briquette, which undof t^e microscope 
is seen to bear a strong resemblance 
to charcoal.* In this 'connection 
Fig. 3 will be of* great interest. * 
Messrs. Pure Coal Brunettes Ltd., 
was formed by file late Ta>rd RhRnddaf 
and has as its constructional and 1 
consulting engineers Messrs. Sutcliffe, 
Speakman & Co. Ltd., of Leigh 
(Lancs.), who are specialists in the 
manufacture of briquetting machinery 
The*research and development T)f the 
Company are under the charge of 
Mr. E. R. Sift elide, Managing Director 
of Messrs. .Sutcliffe, Speakman* Ltd., 
and Mr. Edgar C. Evan* head of the 
Lord Rhondda Research Laboratories, 
Llwyngpan, Glamorganshire, aijd 
more than ten years of Experiment 
and research have been spent in 
bringing the#carbonisation process to 
its present successful stage. 

In *the preparation of the Pure 
CoaJ Briquettes the coal is first 
vyashed, as q$ual, so as to fleduce the 


ash content to 5 b per cent to give 
an increased gas yield and produce a 
uniform quality of smokeless fuel. 
The coal is then ground and mixed 
intimately with the material most 
suitable for preventing swelling - 
which is generally coke breeze. At 
the same time a very large amount of 
cheap fine slack and coal dust can he 
worked into the mixture. The extent 
of the grinding depends on the quality 
of the fuel required. If carried nut as 
far as to pass through a 30 -40 mesh 
(1,000 holes per square inch of mesh), 
the resulting fuel is of high quality 
with an extremely line grain, and is 
in fact an artificial anthracite. For 
ordinary industrial purposes such an 
amount of grinding is nni necessary, 
but generally speaking, the finer the 
grinding the better is the quality 
of the fuel produced. 

The mixture is then passed through 
the “ Ovoid ” patent briquetting press 

, 4 >f Messrs. Sutcliffe, Speakman & Co. 
Ltd., in which the pressure on the 
briquettes is 10 tons per square inch. 
The resulting ovoids are extremely 
har(| and can be charged into an 
ordinary gas retort or coke oven for 
carbonisation without damage, this 
form of briquette being the most 
suitable for carbonising and also for 
subsequent sale as smokeless fuel. 
The briquettes can. of course, be 
majje in any shape from ovoids to 
blocks lOineli. by 7incli. by 5ineh., 

• weighing 15 lbs. each. 

• * It is claimed that these briquettes 
have a number of advantages over the 

• ordinary type of briquette made with 
a bidder of pitch or other material. 
They are stateif to be much harder, 
and equal in hardness to lump coal, 

• so that they stand transport ami 
handling better, and also do not 
soften in hot countries. Further, 
they burn with a higher emission oN 
radiant heat, without sniota* and it 
was in fact the peculiar burning 
properties of these briquettes that 
led to »an investigation as to their 
behaviour under carbonisation. 

With regard to briquetting machines 
Fig. I. represents the “ Emperor ” 
press briquetting machine made by 


Messrs. Sutcliffe, Speakman Ltd., anti 
is the largest briquetting press in the 
world, having a capacity of 40 tons 
per hour, and working at a pressure 
of 2 tons per square inch. 

The carbonisation process has the 
great advantage that the operation 
can be carried out either in special 
retorts, or in the existing gas works 
retorts or coke ovens. 

Taking first the question of erecting 
an entirely new plant, the retorts are 
simple in const ruction, and, even more 
valuable, will carbonise a very large 
amount of material at a time. As 
already stated, the briquettes have 
the peculiar property that they do 
not expand or swell on carbonisation, 
and in fact, a slight contraction takes 
place. As pointed out in the introduc- 
tory article, this question of 
expansion has always been one of 
the troubles of low temperature 
carbonisation. The lesidual car- 
bonised fuel briquette by this process 
is, however, exactly the same size 
and shape as the original pure coal 
briquette. The retort is of the 
continuous vertical type, with suitable 
automatic charging and discharging 
mechanism, and again, because of the 
non expanding properties of the 
briquettes, the contents arc heated by 
the direct passage of a current of 
floated gas through the charge of 
briquettes, and external heating, as 
used in almost every other system, is 
not necessary. The general lay-out 
of a plant designed to handle 1,000 
tons of coal per 24 hours is given in 

l’% 2. 

Four retorts are shown, each of 
them having a capacity of 250 tons 
per day. These retorts consist 
essentially of a vertical cylindrical 
chamber limid internally with firebrick 
surroundedjby heat insulating material , 
and this again is surrounded with 
cylindrical gas-tight steel plates. 

# Tire retorts are equipped with two 
regenerators, of tta ordinary type, 
filled with chequer Tirff-ks, They are 

* used alternately in the usual way, one 
regenerator Deing heated up while the 
other Is being used for heating up the 
gas used as a heating medjjyn. The 
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heating of tin* regenerators is per- by the gas in its passage through the case used for heating inert gas. The 
formed by producer gas which lias regenerator is imported to the coal, whole carbonisation process is of a 
been freed from tar, ammonia, and carbonising the charge, and reducing fractional character, the temperature 
by products. This gas is burned at the volatile content to the point gradually increasing as the charge 
the bottom of the regenerator, and required. travels downwards. That is to say, 

the products of combustion pass During this period the other the raw coal is first subjected to low 

through the chequer bricks, laisiug regenerator is being heated tip, tin* * temperature distillation in the top 

the temperature to the required various valves, dampers, etc., bejng port ion of the retort, the temperature 
point. During this period, the altered so as to reverse the passage of the gases leaving Ixing about 
regenerator is open to the chimney. of gas, air, and products of com- 400 deg. I\, and all the valuable 

When the desired temperature has bust inn simultaneously with thejtirst Imfiid products driven off, and the 

been attained, say l,(>f>0 deg. R, regenerator. *• low temperature fuel is then submitted 

the chimney damper is closed, the There are no engineering or to high. temperature carbonisation in 

gas and air supply to the burners mechanical difficulties to be faced the bottom® rff the retort. The 
are shut off, and the communication in this system, which, for all practical carbonisatim is almost complete, as a 
damper to the retort o]K*ncd. Com- purposes, can be compared fath •rtilo only about 2 per cent, of volatile 
municatiou is then made with the a blast furnace equipped with matter beii^ left in the briquettes, 
gas main. Cool gas is passed through regenerators, but instead of <he ^ind tl#i gaseous and volatile products 
the regenerator, becoming heated in regenerative stoves being usetfr for # pass away out of the top of the 
its passage, and goes directly into the heating an, as is customary in bla$t retort into the usual by-product 
retort. The sensible heat acquired furnace practice, they are in this * plant, whilst the carbonised briquettes 
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are emitted continuously from the 
bottom of the retort. A small retort 
dealing with 13-14 tous of coal a day 
has been in continuous operation in 
Leigh for the last five years, myl an 
experimental internally-heated retort 
on similar principles, erected fn India 
by Mr. Edgar C. Kvfans, proved itself 
capable of carbonising coal at a rate 
yriiich was equivalent to treating 10 
tons a day. The design has therefore 
had a thorough jynall scale trial. 

It is stated also tjjat, whilst the 
retorts are t>f simple construction, 
without any expensive and elaborate 
flues and brickwork, as witTi most 
other carbonisation processes, because 
of the internal and intimate heating 
the fuel required to heat the retorts 
is considerably less than the usual 
figure of say 15 per cent, of the coal 
carbonised. 

As seen from the drawing, I'ig. 2, 
the general process consists therefore 

i 


iit wishing the coal, paitially drying? 
ptflvorising and mixing with pulverised 
qoke t>reeze, «>r with non-caking coal 
#or preheated coal, converting the 
mixture into briquettes, and car- 
bonising these at high temperatures 
by means of internal heating with 
superheated inert gas, whilst the 
gaseous and liqqid products are 
treated in the usual manner as in the 
gasworks and coke oven industries. 
The process is, therefore, strictly 
speaking, not low tciiqierature car- 
bonisation, but rather a special 
combination of both low and high 
temperature carbonisation, in which 
the residual fuel has all the piopcrties 
characteristic of a low temperature 
process. 

The advantages claimed for a large 
scale installation are : 

(1) Low Capital Cost. 

It is maintained bv the inventors of 
this process that to make a smokeless 

2 


fuel proposition pay on a large scale, 
the cost of the plant must be less than 
existing carbonising systems, and it is 
claimed that the pure coal briquette 
installation is less costly per unit qf 
output than any otlirr process, and 
much less than the present cx]>ensive 
gas works and coke oven equipment. 
For an installation to carbonise 100 
tons a day the letorts woultk qgit 
£15,000, and together with drying, 
grinding and briquetting plant, with 
complete by-product recovery, tlie 
total cost would be less than £50,000, 
allowing £25,000 for the by product 
plant and £7,000 for the briquetting 
and drying plant. 

( 2 ) High Capacity. 

The output of a unit retoij will lx* 
100 tons a day of 24 hours, and 
deigns are being prepared for a 
retort to handle 250 tons of coal a 
day. There is no reason why huge 
retorts of 1 ,(K)0 tons a day capacity 

2 



Fig. 3* 



(M Gas Retort Coke magnified 5 dlams. (2) Gas Retort Coke magnified 7 diams. (3i Blast Pfcraace Coke magnified ft dlams. 
(4) Activated Carbon for Gas Absorption magnified 10 (ft) Pbre Coal Briquette, Carbonised, magnified lft dlams, 

(6) Oak Cbarcoa), Cfttsq Seaton, magnified |0 glam* 
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should not. Y x* constructed. It is spirit is 3 5 gallons , as against *abqut can be used direct iu place of coal in 
also maintained that any successful 10 gallons of tar and 12 gall^s of existing gas works retorts or coke 
smokeless fuel process must have a motor spirit with the tiigH temperature ovens. Because of the high coin- 
large yield per retort per day. processes. • pression and dense nature of the 

(3) Low Working Costs. (8) Maximum Yield of Sulphate of briquettes a much larger charge, 

It is claimed that the working costs Ammonia. equal tg 'nearly 5j) per cent., can be 

are low. As regards labour, taking Exhaustive tests on the small scale got into a, gas retort or d>ke oven, 
three shifts of eight hours each, and plant already mentioned show that, This* increased capacity is also aided 
Labour at 12s. per man per 1 shift, the because of the natural porosity of the by the fact tluft, because of the non- 
c<*,t fbr a plant of 100 tons of coal briquettes, the yield of sulphate of expansion, there is need to leave 

per 24 hours, for t he briquetting, ammonia is 30 per cent, greater than room in the retorts or ovens to allow 

gliding and carbonising plant, would in ordinary high temperature car- for cxpansftm as in«the case of raw 
amount .to less than 2s. per ton of bonisation processes. As an example, coal. In the fas works process, in 

coal. 'IV power required for the a given coal carbonised as usual in the case of horizontal and in- 


above plant of 100 tons of coal per 
24 hours would be 130 lf.l\ which, at 
a cost of 0.73d. per II.1\, would be 
2s. 3d. per ton of coal. 

Taking also the wear and tear as 
Is. (Id. per ton. and the interest and 
depreciation as 13 per cent., the total 
cost of production of the carbonised 
material would be not more than 11s. 
per ton, of which 3s. 0<1. to 3s. per 
ton is required for the preliminary 
drying, grinding and briquetting 
treatment. 

(I) Low Cost of Raw Material. 

The raw material used for carbonisa- 
tion in the first place contains 20 per 
cent, of coke breeze, which is extremely 
cheap, being practically a refuse 
product. For years it was a drug on 
the market, and the pure coal 
briquette process, therefore, is valuable 
in finding an outlet for coke breeze. 
Also, as already stated, much cheap 
non-caking and tine coal can be mixed 
with the coal, so that the final mixture 
is a cheap raw material. 

(3) Perfect Control of Temperature. 

These retorts can be worked at 
any required temperature from 000 
deg. F. to 1,850 deg. F. (480 deg. - 
1,000 deg. C.), according to the coal 
and the products required. The 
temperature can also be maintained 
constant to within 100 deg. F. because 
of the large volume of heated gases. 

(0) Gas Yield. 

On account of the small amount of 
volatile matter left in the residual 
fuel the yield of gas is comparatively 
high, being about 10,000 cubic feet 
of rich gas (330 B.Th.T’) per ton of 
coal. 

(7) Good Yield of Valuable Liquid 
Products . • 

The coal in its passage through the 
retorts is only slowly and gradually 
heated up to the maximum tempera- 
ture, and because of the porous < 
nature of the Jirkpiettes, the liquid 
products are expelled rapidly with 
the minimum of “ cracking.” With 
average bituminous coal the yield of 
tar is 15—25 gallons per ton, depending 
on the c mi treated, whilst the motor 


a gas works retort gave a coke 
containing 1.44 per cent, nitrogen, 
whereas when mixed with 20 per cent, 
coke breeze and submitted to the pure 
coal briquette process the residual 
fuel only contained 1.00 per cent, 
nitrogen. The yield of sulphate of 
ammonia per ton of coal is claimed to 
be 38 40 lbs., that is about 30 per 
cent, more than the high temperature 
processes. 

(9) 7 he Residual Pud. 

The re-idual fuel can he varied 
greatly in properties, according to the 
fineness of the grinding and the 
proportion ot coal and coke used, 
from a smokeless domestic fuel to a 
blast furnace coke superior to coke 
oven coke. 

The carbonised briquettes have 
remarkable free burning properties, 
and even when carbonised at the 
highest temperatures, up to 1,800 deg. 
F., will ignite and burn readily in a 
household lire just like coal. Tfie 
fuel resembles charcoal, not only in 
structure and appearance, but also 
in its method of combust io^. \ It 
burns right through to the centre, 
with a very hot fire, until* nothing is 
left but ash. It is also very hard and 
dense, equal to anthracite in fliis 
respect, and will stand the most 
severe conditions of transport rwd 
handling. The analysis of a typical 
sample, using unwashed coal of 
average quality, is fixed carbon 84. ,1 
pci cent., volatile matter 1.3 per cent., 
ash I0.fi per cent., water 3.5 per 
cent., and sulphur l.\per cent., with 
a hardness of 98, equal to the best 
Durham coke. 

*At the present time gas coke' in 
London is about 30s. per ton, whilst 
anthracite is 92s. fid. It is claimed 
tfiat this low temperature fuel is 
equal to anthracite in every respect, 
i and that a conservative figure for its 
value is 75s. per ton. Also that it 
•will replace coal for any operation, 
and for example, works perfectly well 
in an anthracite stove. 

As already stated, another advan- 
tage claimed for this process is that it 


dined jetorts, the existing charging 
mechanism can also be utilised. For 
vertical continuous retorts minor 
alterations are necessary in the 
charging mechanism, but this would 
not be an expensive matter. 

The cost of coal drying, grinding 
and special briquetting plant to handle 
100 tons of coal per 24 hours is 
approximately £7,500, and as already 
stated, the total cost of the process 
works out at about 3s. fid. person. 
It should be noted that less gas is 
given off per ton of fuel, because of 
the addition of 20 per cent, of coke 
breeze, but more gas per retort 
because of the 50 per cent, increased 
capacity. When the process is carried 
out iu coke ovens the product is 
claimed to be much superior to 
ordinary foundry coke. 

Messrs. Sutcliffe & Evans, the 

# •inventors of the process, dealt with 
this point at considerable length in 
a paper delivered a short time ago 
before the Society of Chemical 
Industry. They stated that a fuel of 
extremely high specific gravity, as 
compare^ with furnace coke, and 
with a comhiisflbility of the same 
order as ffyat of charcoal, offered 
Revolutionary possibilities in blast 
furnace practice. On the basis of the 
.results % obt allied in # the case of 
charcoal furnaces they claimed that 
such a hTel, when used in blast 

•furnaces, would effect the following 
results 

• 

#(*) T he capacity of the furnace would be 
eifbrmoiisly increased. 

(2) It would be possible to use furnaces 
very much lower in, height and 

® smaller in dimensions than those now 
in use, and yet which woyld give the 
production existing coke fired Mast 
furnaces. 

(11) The heat, losses in a blast furnace 
. using a # fuel of this type would bo 
very much lowef than those of the 
ordinary coke fired funiaees. 

(4) An enormous saving ^of fuel was 
foreshadowed. It is ^pll-known that 
charcoal furnaces, working on pure 
coal, have startling low conSump* 
tions of fuel. With 4 fuel of this 
type the author# see no reason why 
Cleveland Ore, which H’ould not be 
• • * 

• # 
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smelted under present conditions 
with less than 21 cwts. of coke per 
ton of pig, should not ultimately be 
treated with as low a quantity as 
12 ewt. 

(5) This opinion, of course, cuts the 
root of all modem theories of blast 
furnace practices The authors realise 
this ana went igto detail into the 
views elaborated as the result of the 
researches of the 4 a tc Sir Lothian 
Bell, and pointed out that owing to 
the new factors introduced by the 
combustibility of the new fuel, it 
• • 


would be necessary • to completely* 
• nevise the conclusions come to by 
*-H. and tlie^ opinions now held by 
blast furuace experts. 

# X<> serious attempt was made in 
the discussion following this paper to 
criticise the proposals, but the general 
opinion come to by some of the 
leading experts ot the country was 
that the paper mis of an epoch- 
making character, and that a fuel of 
the type made by this process offered 


* 

revolutionary possibilities in the future 
of industry. 

Wo understand that a very large 
plant will shortly be erected in 
Lancashire, and of the various pro- 
cesses of the carbonisation of coal 
now under consideration the pure 
coal briquette process is certainly 
not the least interesting. m 

(To be eoniinucii) 


The Godfrey Oxygen Jet 

In tms artnle the author describes an automatic process for the cutting of steel 
plates, the employment oj a hu ll leads to a great economy of oxygen and acetylene. 


Q UITE a deal of interest has 
recently been shown by 
manufacturers and others 
dealing in steel plate, with 
regard to the development 
of the cutting of steel plate by means 
of the oxy-actvlene blow-pipe. Any- 
one familiar with the cutting of such 
material knows that when the hand 
process is employed a great deal more 
oxygen and acetylene are required 
than if the plates were cut by an 
automatic process ; the reason for 
this is quite evident. When the hand 
Mow pipe is employed the operator*, 
must necessarily adjust the flow of 
his gases at the joint of work ; this 
necessarily means that, although a 
small time may be consumed, never- 
theless a waste of oxygen aifcl 
acetylene occurs while this adjust- 
ment is being made. %T^e question of 
speed and quality of catting also 
enters into* matter ; quite 

naturally the operator cannot hold 
as steady a torch as cafl be accom- 
plished by the mechanical r/fethodT 
the result being that the cut is* 
jagged with the consequence that a • 
liberal amount of excess metal must 
be left on for finishing. • 

The Godfrey machine has beet 
developed to be entirely automatic in 
its cutting operations. Jt has been 
so designed* that aqy piece of # work • 
which it ifs desired to fashion can 
readily be duplicated* accurately. 
This machine is fashioned on the 
principle of a machine-tool and 
resembles a mafcliine-tool in its ^ 
working operations. When designing 
the oxygen* jet cutting apparatus, 
Mr. Godfrey's investigations led him 
into fhe study of the gas pressure, 
the design of the # blow-pipe and the 
mixture of tiie gases. It ftas found 



Irregular shaped piece 3" thick, ISJ* long, 
and 8' wide at the broadest part 


Total Cutting Tltg%J2 ralnufci 
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that these were the important items 


around which a successful operation 
of the oxygen cutting apparatus 
revolved. With regard to the gas 
pressure it was found that a much 
lower pressure could he used than 
was necessary when using the hand 
torch. 

t The design of the blow pijK* is 
uaiqiffe, in that the interior along 
which the gases pass is rifled similar 
tc^ the barrel of a shooting iron, 
tending to impart to the mixed gases 
a whirling action. The whirling 
action of t|ie mixed gases reduces 
the heating cone in length to approxi- 
mately Jin., at tlu* same time 
giving a cut approximately ,^in. 
wide. 'tii e result of these two features 
has been to give the plate, when cut, 
clean and sharp edges which can 


Kradily be* understood to be of 
advantage. The temperature flic 
oxygen was found* t<# have* con- 
siderable effect on the cutting qualities# 
of the gases. For instance, it was 
learned that using the oxygen direct 
from the cylinder, the cutting action 
in cold weather was not so good as 
it was in warm weajlher ; consequently 
after considerable investigation it 
was determined that predicating of 
the oxygen resulted in better opera- 
tion of the oxygen jet cutting 
apparatus, not only as regards the 
quality and operation of the cut, but 
also by increasing the cutting speed. 

The Godfrey machine was the first 
oxy aectylene cutting apparatus of 
its kind to be marketed, having the 
combined advantages of the oxy- 
acctylene cutting torch and the 


machine-tool action. The machine 
was so designed, as previously 
explained, to give a clean cut and 
sharp edges to the work when 
cmpb>ycd on steel of any nature. 
The blofV pipe is so placed in the 
construction of tlfe equipment as to 
give* universal movement over the 
work being drfie. All parts of the 
machine are very lighten constructing 
since the machine-tool itself is 
required t# carry jio other weight 
than the cuttjpg arm, on which is 
mounted the blow-pip?. All parts 
are carefully fitted with the object 
of obtaining the smoothest drive 
possible coupled with freedom from 
period of “ dwell." Anyone familiar 
with the Oxy-acetylenc cutting torch 
as applied to work which is required 
to be accurate, can readily under- 
stand that even a minute “ dwell " 
will result in defects in the material 
being cut ; the reason for this, of 
course, is that should the work slow 
up the dissipation of heat fron^ the 
flame will not be sufficient, and 
therefore, there will be a tendency 
to heat up the work and the oxygen 
will bite into the sides. 

The blow pipe is mounted on gate 
supports. Two aluminium arms some- 
what deep and at right angles to each 
other of generous design are employed 
to support the blow-pipe ; this 
ensures the blow-pipe being kept in a 

• vertical position. The arms are also 
mounted in such a manner as to 
leave the slides free from all strain. 
All joints on the moving parts* are 
fitted with ball bearings. There are 
two slides. The upper one is carried 
on a large bearing and is projected 
from tfie nqpn# frame, allowing for 
the rotation of the slide to any 
required angle. Tlje advantages from 
*this, are that it provides for straight 
cuts Dnralldt with the cross rails 

• T>f theinachine, or inclined diagonally 

• to them. • 

• The second slide is similar to 
the first one and is supported cross- 

• wise on a roller carriage. The 
yiovement of this slide is obtained 
with flic smallest possible amount of 
friction. 

• A small motor ^>f onfy J H.P. is 
required to drive the machine. This 
has been desiring to run at 000 R.P.M. 
The power is transmitted from the 
njotor by itieans of a small belt 
travelling *over pulleys to a flexible 

• driving shaft. Illustrations are given 
herewith from which a%general idea 
of the machine can be Obtained. To 
control the speed of the apparatus 
two friction boxes are ‘mounted on 
the machine, one* on tye right aqd 

• • * 

•# 





.1 6' disc shown on Hotar> Table |* thick 

another oil the left, on the upper side 
or on the cross-head. 

Viewing the machine from the 
front, the friction box at the left is 
fitted with a hand lever and a small 
pointer, which when operated is 
caused to move over the graduated 
scale indicating the speed obtained ; 
naturally the speed which results* ' 
from the use of such an apparatus is 
very sensitive. The two slides are 
driven from the llexible shafts l*y 
means of pinions ; the idler pinion 
is fitted to provide for a reversal of 
the feed motions wl^n necessary and 
is controlled by steq} f>ars operated 
by levers. # Three positions are 
provided for wjtto adjustable stops* 
the motions being tripled mechani- 
cally if so desired. # 

The second friction box # or the one* 
at the right of the cut at the top# 
receives the* drive from the first box 
by means of a cross shaft and two, 
gear boxes. By this means feeds a^e 
obtained for either slide over ^ range 
varying from Jin. to 20 ins. per 
minute. • • • # 

The igniting of the gases is accom- 
plished by means of at* ignition jet. 
Small micrometer valves control the 
gas mixture and are so arranged that 
they can be locked, with the result # 
that once the proper mixture has # 
been obtain#! no alterations can take 
place unless further adjusted. This 
is a great advantage in that should 
the machine stop^for any purpose it 
<*m be restarted with ’the samf 


mixture ; 
lost in re 

The in 
its cuts ; 
shapes. ] 
is require' 
of thin 
material, 
duplicate 
accuracy. 


Time 17 minutes 

md pressure, no time being 
-adjustment. 


In order to give the reader some 
idea as to the speed and economy of 
this machine we quote the following : 

The cam blank on the extreme 
left having a diameter of 11 ins. and 
a thickness of 1 J in. required only 
six minutes to cut the profile at a 
cost in oxygen of 2J pence, no 
machining being required to finish 
the job. The surfaces left*WRen 
using this machine are smooth and 
have clear cut and sharp edges. * 
•VVitli regard to the horn-plate it 
took 17} minutes to cut, the outside 
edges requiring 11} minutes and the 
inside edge six minutes, the total • 
cost of the oxygen being lOd. This 
plate was cut on the rotary table 
with the aid of a superimposed 
template. The piece of work as cut 
was finished in all respects, no 
machining lieing required. 

.A in. square bar can be cut in 
one minute and a quarter, that is, 
at the rate of 20 square inches per 
minute. A band saw when sharp 
cuts at the rate of one inch per 
minute. 


lf , • t .. . „ A proving apparatus for Brinell 

• \ automatic in all hardness testing machines, consists of 

• r / s , r ’ u, V, ° r . lrr 1 7 l ! lr,r a stccl-yanl arrangement which may 


IJ.r itrcKular shapes all that be attached to the nZeli ZK 


d IS to cut a template out and which enables the accuracy of the 
wood, or other suitable standard load of 3.000 kilos to be 
and the machine will examined. Messrs. Avery are pre- 
i ° a great de gree of pared to use their apparatus for test- 
ing machines submitted to them. 


Vtr ;v '-.J FA 
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Boring attachment on upper slide. 
Thickness of plate, SUeofbole.S* 


Tinned mfout** 
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The Amplokon Petrol 


T UI' claims m.nlc by various 
niiJiitil’aciiircrcrs of petrol 
economy devices have often 
to be accepted with reserve, 
1 because, from a theoretical 

point of view they may be everything 
to be desired, but when it conus to 
practice, many devices may not, and 
% in point, of fact do not, repay the time 
spent in fixing and adjustment, to say 
nothing ^f the initial outlay on the 
device, 

According to the test reports before 
us, the “ Amplokon ” petrol econo 
miser, of which the following is a brief 
. description, has proved itself in prac- 
tice, and is a real economiser deserving 
the most careful attention of all 
motorists, and proprietors of motor 
transport companies in India who 
desire to effect an appreciable saving 
in petrol. 

The ” Amplokon ” which is shown 
in illustration is essentially for in- 
creasing ignition cfiicicncy, and the 
far-reaching effects of this increased 
efficiency will be readily appreciated 
by the following table, which shows 
the increased mileage per gallon of 
petrol obtained after fitting the 
“ Amplokon ” auxiliary spark gap 
and condenser. 

Mileage increase 

Vehicle. per gallon 

01.1 S h p. one cyl Rover... 2l° () 
h p. A.| .S. motor evele (12*' „ 

Rolls- Royee ... ... 1 7 ,, 

1 h p. J 1C- S motor evele... 24" 0 
15.(1 h.p. Standard (I 111 2)... 40 

IH ton '1'liornyerolt ... 25° 0 

Operation of the “Amplokon” 

'flic ” Amplokon ” consists of two 
condensers in parallel with a gap, and 
the whole in series with the sparking 
plug. It has been designed for the 
purpose of augmenting anti trans- 
forming the current from the magneto 
or coil, and delivering a spark of the 
highest efficiency and frequency at 
the plug points. As the gap is only 
.45 m/m., it is obvious we are working 
to the capacity of the condensers. 

By its means the voltage is in- • 
creased, and Uk*” spark thrust” is 
greatly intensified any! quickened. 
The extra force and speed of the 
“ thrust ” occurring at the plug 
points reaches the explosive mixture 
in the farther extremities of the cylin- 


der, resulting in the complete cxploMoii 
of the vapour, but also tiring it more 
rapidly. It is recognised that the 
slower the explosion, the greater the 
loss of power. It is therefore claimed 
that an “ Amplokon " ensures that 



the maximum o! power is instantan- 
eously available at the right spot and 
time, which is the ideal long sought 
by all motor engine designers. 

The rapid-complete-explosive-power 
of the ” Amplokon ” spark makes dt 
feasible and possible* to use a much 
weaker mixture with an increase of 
power, easier starting, and more rapid 
pick up. • • 

Thus the basic advantages of this 
device become quite clear upon con- 
sideration of the following : • 

It is a well-known fact that a rich 
mixture is more difficult, and takes 
longer time to explode, than a vAeak 
mixture, and it is therefore claimed 
that the ” Amplokon ” makes it 
possible : 

(a) To use a weaker, a more easily- 

exploded mixture. 

(b) To explode the weaker mixture 
• more rapidly and thoroughly. 

(c) To get a maximum of power 

from the weak mixture. % 

No *Bxtra Work on the 
Magpeto 

Wc would here point out that we 
are assured that this device does not 
throw any extra work on the magneto, 
and the following extract from a 
test report prepared by Maurice 
Percheron, Consulting Engineer to 


•Economiser 


the French Government, should be 
of interest to prospective users 

“ This first series of tests proves in 
an incontestably fashion that 
such a disrupter does not throw 
any more work on* a magneto 
than that for which it was de- 
signed. ” 

Another point of considerable in- 
terest is that, should the plugs get 
oiled up, the spark, owing to the 
action of the ” Amplo,” is strong 
enough to jump the gap, and, further, 
it has been found possible to cut down 
the sizes of jets and choke tubes with- 
out loss of power, thus saving petrol. 

Conclusion • 

This device, which is made by 
Messrs. Cardwell & Co. bid., of 3G 
Shaftesbury Avenue, London, \V. 1, 
is easily fitted, its initial cost is not 
great, and we can easily believe that 
the saving in petrol consumption and 
plug renewal would save its price in a 
verv short time. 


n z z zzzzzi 
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• A LARGE GREOSOTING 
PLANT FOR RAILWAY 
SLEEPERS 

# ail way engineers |re in*f airly general 
agreement that ereosofing is the most 
satisfactory method of preserving timber 
* Whieh HI s to be used in phices where fungi 
mud various # insect enemies can easily get 
# at it. It is also recognised that the process, 
to be really effective, must be carried out 
in carefully designed plant. There was 

* recently erected and tested before .shipment 
abroad a large British plant, which is 
capabhf of creosoting nine hundred .sleepers 
per day of eight hours, the.se -sleepers being 

• large enough ft>r line^with a*gauge of one 
metre.* The machine comprises two large 
receptacles, one above the othft\ the lower 
one being the forking cylinder, which is 
thirty six feet ^ong and capable of with- 
standing a pressure of two hundred pounds 

j>er square inch. rthe top receptacle 
contains the creosote ; and one charge can 
be completely transferred from this cylinder 
to the lower in eight minutes. The boiler, 
which is provided to supply steam {or the 
pumps, is designed to burn wood waste • 
and the whple of the {>lant is produced so 
as to withstand the most $enere service. » 



POWER AND POWER 

TRANSMISSION 


Conducted by 

J. D. TROUP, M.I.Mech.E.# 


THIS SECTION BEALS' WITH THE SOURCES 


design and management ok : AND • W,TH ™ E 


Electricity in Modern Engineering Works 


U NDKR the above title an 
informative paper was 
read before the Institution 
of Production Kngincers, 
I/ondon, by J\lr. f p’ 
Smith, A.M.I.IUi., and from which 
we make the following extracts 
referring to the application of electrical 
povyer transmission in modern en- 
gineering works. 

I he number of different applications 
for the elect ric drive in such works, 
has increased during recent years in 
a rather remarkable manner, and 
Mr. Smith gives some interesting 
examples of the special qualifications 
of the electric motor under varying 
conditions. 

Referring to the conditions now 
obtaining, we find that engineering* 
works may be classified under three 


groups : first, small works which 
derive their power from small prime 
movers situated in ot near their 
sphere of operation, external power 
from other sources not being available 
or too costly. Inn such works the 
internal combustion engine usually 
gives economical results, and being 
simple in construction and operation 
tan be tended by semi-skilled labour. 

In the ease of larger concerns, 
however, one usually finds that, steam 
can show good results and is more 
reliable in operation. Wry low 
working costs may be taken as the 
inle with the modern high-speed 
surface condensing units, making it 
extremely difficult to justify recourse 
to external supplies, especially if the 
plant under consideration can show 
a good load factor. 


Secondly, there are larger works 
running under similar conditions which 
are able to operate more economically 
because of the higher efficiency of 
their prime movers. Then there are 
works so situated that they can 
obtain an external source of power 
at a lower cost than can be generated 
locally. In each instance the existing 
conditions will naturally govern the 
choice of unit for power production, 
usually based upon the cost of fuel 
or other controlling factors. 

In the third case, there are works — 
some large, some small -obtaining an 
external supply of power which is 
quite justifiable provided that it can 
be definitely shown that, certain 
beneficial features exist, such as 
lower costs and economy of space. 
In such cases, the external sources 



Ty™ BoHna L*U*. by Craven Bros. Ltd., driven by two 
I5-H.P. Metropolitan -Vickers Direct Current Motors 
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of power can compare favourably, 
particularly if future extensions are 
contemplated. 

It is of the greatest importance 
that all the factors in the case lx* 
considered when selecting a power 
supply, as, although figures can be 
advanced in favour of external power, 
yet it may be possible to show better 
results with local units under certain 
conditions. 

Power for Workshops, etc. 

The usual method of obtaining 
power is by means of direct current 
generators running in injunction 
with a suitably arranged switchboard 
distribution, and, provided that the 
power 1 house is in a fairly central 
position, economical working can be 
maintained. 

The choice oi voltage is an 
important factor and one in which 
much saving in first costs may 
result. During the last fifteen years 
th* electrification of works has passed 
through ‘Various stages. In the 


earlier schemes 1(H) to 120 v >lU was 
usually adopted as a working pressure, 
possibly due to the fact that higher 
voltage motors were not then 
sufficiently perfected. Although the 
110-volt motor has given good and 
reliable service, yet the cost of Hs 
large copper cables due to the litgh 
amperage makes its first cost con*, 
siderably higher than for systems of 
higher pressures. Although this 
disadvantage is obvious, yet it must 
be remembered that tire low-voltftge 
machine usually gives less trouble 
thijn the high pressure machine. % 

For modern practice, however, it^ 
is realised that pressures of 230 and 
400 are now quite suitable and 
conform with the general conditions 
of internal or external sources of 
supply. The shunt or compound - 
wound machine at, say, 460 volts 
is quite reliable and efficient, standing 
up to its work and being equal to the 
110-volt motor in its performance. 
The question of cable insulation for 
the higher pressure and the requisite 
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precaution for safe working, of course, 
become of greater importance, and 
t the maintenance charges are rather 
highty. 

It is an«extraoi dinary fact that one 
may vistt some of # the largest works 
in the cohntry •and find 110-volt 
systems in operation, no doubt owing 
to gradual developments having been # 
made at this pressure until in the end 
it has become inexpedient to make a 
change to the higher voltage. 

For works power, shunt, compound, 
and series wound machines are 
suitable* for all ordinary purposes. 
For line shafting the shunt-wound 
motor will usually meet all require- 
ments, since it has a comparatively 
uniform speed for all loads, is of 
simple construction, and easy to 
start. Possessing a good torque, it is 
employed almost universally for this 
class of work. There are, however, 
other considerations to be taken into 
account in connection with shafting 
drives. One usually finds a large* 
motor driving long lines of shafting 
that operate a large number of 
machines through belting. Although 
this is a convenient method, yet tlu* 
question of ultimate costs should not 
be overlooked, and consideration 
should be given to the power required 
to drive the shafting and belts light 
relative to the useful work pei- 
# formed. A large amount of power 
may easily be consumed in lost 
motion. These factors are of im- 
portance. When power requirements 
for J^iops are put forward, the group- 
ing of machine tools is the first con- 
sideration, and, by judicious arrange- 
ments, much l^st power can be 
avoided, I^irge machines that deal 
with work requiring timo for setting 
\fp, and absorb, say, •lO-li.p., should 
be provided «vith individual motors 
f* perfPrence to being* driven from 
Hue shafting. It is seldom advisable 
4o group shafting to take power 
above 20-li.p. owing to looses in belt 
transmission, etc. 

^Another point deserving of more 
attention is the position of motqrs. 

It appears to be thought in some 
quarters that tmec aftnotorss installed 
and rufining it is ^here for ever and 
will not requjjre further attention, 
and, in consequence, can be placed 
in any inaccessible position. 

To maintain an ^efficient service, 
rtiotors should be placed in such a 
position that they may % be readily 
inspected from the ground. They 
should a bo be within easy reach of 
the crane that serves the Section they 
drive. As to poVer transmitted 
through belts, mucji maybe said orf 
•• 
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this important point. Sufficient 
attention is seldom paid to this kind 
of power transmission, with the 
result that the upkeep of machinery 
is increased. # # 

Although well-dtfined data are 
available relative to efficient means of 
belt transmission, this.^n many cases, 
does not enter into the calculation of 
tfie official responsible for the layout 
of the shop. It will usually be found 
that the widths of pulleys and belts 
are too small for th? load to be 
transmitted, resulting in great strain 
and loss of power. The ratios for 
driver and driven pulleys should 
also enter into these calculations. 

It is bad practice to give a greater 
ratio than 5 to 1 or vice versa. It is 
also ^advisable to raise the belt 
speed beyond 4,500ft. per minute. 

The author has in mind a case 
where a motor driving high-speed 
grinding machines running light 
develops 9 h.p. When the load is 
applied a further 2J h.p. is recorded ; 
thus the efficiency of such a drive is 
extremely small, and it is obvious 
that the moie efficient way would be 
to drive these high-speed grinders by 
means of individual high-speed motors. 

Another instance of a similar kind 
was recently brought before the 
notice of the author. An exhaust 
fan utilised for removing sawdust 
and shavings from carpenters' and 
pattern-makers’ shops was driven 
through a countershaft from line 
shafjing. It was found, however, 
that the amount of power required 
from the shafting motor was out qf 
proportion to the fan duty. In 
addition, this drive g|ve considerable 
trouble due to small pitcei of wood 
passing through the fan blades, and 
the belts could nott>e kept sufficiently 
tight. This fan was # eventually 
coupled directly to a moto# and** 
current readings taken. # It was • 
found that the power absorlxd by # 
direct drive* was one-third of that 
taken when the fan was driven from # 
a countershaft. Moreover, since the 
conversion, this fan lias not «giveff 
trouble of any kind. 

Referring 4o motors for independent # 
machine power, care must be taken 
in the selection of such machines. 
The manufacturers of machine tooLs 
usually give the maximum power 
required to driv$ their • particular 
machine tool, but it is also advisable# 
to consider $ie nature of the work 
upon whiph the machine will be 
engaged. For instance, in one case 
the machine- may be required for 
heavy duty, such as roughing out or 
, similar wort which will absorb $ 


large amount of power in consequence; 
but, oft the oUier, hand, a machine of 
Jhis type may be engaged upon a con- 
siderable proportion of light work 
with only an occasional heavy duty 
job. It will thus be seen that, although 
in some cases it is advisable to instal 
a motor of the maximum horse- 
power, yet since the difference bet ween 
intermittent heavy duty and much 
lighter work is proportionately large, 
it might be advisable to use a smaller 
motor with, say. a half-hour rating 
for peak load conditions. It is seldom 
found that the maximum horse- 
power as given by the manufacturers 
can be maintained continuously. As 
a case in point, a certain high-speed 
lathe came under the notice of the 
author. The makers stated that this 
machine required a 10 h.p. motor to 
give full duty. Such a machine was 


provided, and careful readings were 
taken on heavy work with the 
maximum speed and feed recom- 
mended. It was found, however, that 
to develop 10 h.p. the belting would 
not stand up to the work, and the 
cut proved far too heavy for the 
machine. Several lathes of similar 
pattern were eventually itistpltaF 
and driven by motors of 7 h.p. ^ 
Another type of motor is often used 
in connection with machine too!*, 
and is one that can be recommended 
with confidence. Reference is made 
to the variable speed shunt machine. 
With this class of motor, gearing and 
com* belt drives may be reduced to a 
minimum, and higher efficiency 
obtained, and often more Accurate 
work is produced. Ily the judicious 
selection of these motors it is possible 
to increase* output by 30 per cent., 



MdtopolUan Vickert ElerUbOk Co. Ud. 
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due principally to the flexibility of 
control. 

The application of imlividnal motors 
to machine tools has played no small 
part in the rapid development of 
certain classes, chiefly planing 
machines, milling machines, high- 
sj>ccd drills, high-speed grinders, etc., 
tyt in the view of the author the 
most modern application is that of 
the planing machine. Hy means of 
vtriable speed motors it has been 
possible to increase the number of 
operations which can be undertaken 
at one setting, thus effecting a saving 
in time and power and gaining the 
advantage of the greater precision 
which attaches to the machining of 
work a f one setting. 

I‘or example, there is a machine 
of the planer type electrically driven 
and controlled which planes long- 
itudinally and transversely and slots 
at one setting. The motors in this 
instance automatically operate as 
power or sell-act according to the 
functions to be performed. The 
operation is under perfect control 
from the machine attendant s position, 
long or short strokes being adjusted 
without stopping the machine. In 
addition, the speed can be varied on 
the cut, on the return or between 
given points. Thus it will be evident 
that such a machine is far superior 
to the ordinary belt or motor-driven 
planing machine. In this connection, 
it may be stated that in an engineering 
works in the North of Ivngland one 
planing machine of this type displaced 
seven ordinary machines and turned 
out more work in a given time. 

A new' type of motor has recently 
been developed for industrial purposes, 
and it possesses characteristics not 
found in the shunt wound motor, 
namely, constant torque for variable 
speed. It is a three-phase machine 
arranged with a variable number of 
poles, the combination or grouping 
giving certain fixed speeds,* such as 
575, 500, 750, 1.000 and 1,500 for 
fifty cycles. This machine is of the 
slip ring induction type, and is con- 
trolled by means of a tramway type 
drum. Without resistance of any 



kind, the machine eontoiins to re 
(juiiemeuts tor machine tool driving, 
and, as it possesses slip rings only 
(that is, no commutator), it should 
tiud a place in modern engineering 
shops. 

As polyphase supply in the future 
will be the chief medium employed 
for lowering the cost of power, it is 
obvious that where alternating current 
motors can be applied under such 
conditions they should surpass the 
direct current unit, provided that 
reasonable power factor can be 
maintained. In the opinion of the 
author we are on the eve of further 
development in this direction. Infer- 
ence is made to the synchronous 
induction motor operating af unity 
power factor. Although ’tin's type of 
machine has only recently been placed 
on the market, it is possible <h.it 
there will be vast improvements 
effected in this class of motor. t 

Very much may be saved in* first 
cost and economy of operation il the 
problem be studied in detail and Ml* 
reasonable possibilities taken into 
consideration. As compared with* 
mechanical means, Jhe flexibility of 
operation and accuracy of power 
measurement for costing pm poses, 
dlectrieal power gives results* not* 


possible by any other form of 
energy. t 

At the present time this country 
is undergoing a process of recon- 
struction. and in this period it is 
hoped that some attempt at effecting 
a reasonable form of standardisation 
relative to electrical pouvt will be 
made. It is regrettable that so great 
a diversity exists with regard to 
voltage and periodicity of supply. 
One finds all sorts of pressures, 
especially on the direct current 
systems, and some absurd periodici- 
ties on alternating current system!*. 
If we are to develop along seund 
lines, this chaotic state of affairs 
fiuist Ire abolished ami voltages 
standardised. 

As an exajpjA* : Dover is arranged 
for several pressures, and 100 cycles ; 
Highgatc, 74 cycles ; # part of the 
South Metropolitan* supply, 25 and 
50 cycles ; %>ne of the largest power 
'stations in London cycles ; and 
so torth * The American continent 
and also many Kurop^an countries 
have standardised their pressures and 
frequencies, and there will be general 
agreement that no useful purpose 
can IV served in maintaining swell a 
varied supply as is now the ease in 

this country. * 

« 


NEW ROLLING ‘OTOCK FOR INDIAN RAILWAYS * 

If the Ackworth report on Imliaif The shortage of rollii^j stock in all • vehicles and over 55,000 freight 
railways brouglit out one fact more parts of the country has been respon- vehicles are required during the next 
definitely than any pthcr, it was sibls for a good deal of " waste," and five years, and it is sincerely to be 
t hat there is a tremendous need for this is a matter that must be dealt hoped that nothing will be altqwed to 
the speedy provision of a largb number with specially in the development of stand in the w f ay of the^arly ordering 
Sr additional passenger and freight improved measures. According to of those allocated for the years 
winder «oti the railways of India, recent advices, nearly 7,000 passenger 102^-3-4. * 
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Recent Developments in Power Production 

l he j olio h im; tihshaets .//< /non Mr I). I . S.lhy Hie, y\ 

M><r read before the hod nnd steel Institute. London. 


A T the annuaj meeting of the 
/% >ron and Steel Institute, 
/ % London, Mr. 1). I,. Selby - 
JL m. Bigge, read a paptr on the 
above subject, in which he 
reviewed the field of ])ower production 
in a very full and exhaustive manner. 

Some of the sections referred to 
liavu recently been dealt with in 
Industrial India, notably mech- 
anical stokers, coal washing and 
pulveiised coal, and we therefore do 
not propose to reproduce these sections 
in ^detail, but otherwise propose to 
give full extracts from Mr. Selby - 
Bigge’s very instructive paper, who 
commences his subject by dealing 
with British coals. 

It will be realised that the main 
source of power in Kngland is 
primarily derived from coal. Coal 
therefore is the datum line from 
which we must start in the investiga- 
tion of the problems of power pro 
duction. Cheap power is not only a^ 
essential factor in industry, but 
creates a direct incentive to enter- 
prise in every direction, and in those 
localities where cheap power exists 
new industries will develop and 
prosper. 

It will be generujly # conceded that 
immense quantities of ^combustible 
fuel of low* grade quality and w:y>te 
gases remain Unutilised throughout 
the country at the yresent time, 
which with Tnodern appliai^es aitfl 
treatment can be economically con- 
verted into steam, or other assets ot 
the greatest value. 

The scientific treatment of fuel 
amongst the industrial plants ryul 
collieries in this country has m>t, until 
recently, received anything like the 
attention tfiat it fherits* • 

Of late, however, *a distinct tendency 
has become apparent investigate 
much more closely the economics of 
jx>wer production. • The present 
methods in the generation and trans- 
mission of elect! ic power have reached 
such a higl#standard, both as regards 
steam turbiile practice and efficiency 
in electrical generators and motors, 
that one cailnot look to anything more 
than comparatively trifling economies 
in the engine roojn or power station. 


It is towards the boiler houses and 
the efficient use of the various grades 
ot fuel available in the count rv loi 
steam raising that one must turn 
when looking lor savings, and where 
an immense field and ample scope jot 
economy will be loimd. 

1 his, however, is not the only 
source from which cheap power can 
he derived, and consideration will be 
given at a later stage in this paper 
t<> the utilisation of waste assets, in 


the form of blast-furnace gas, <?oke 
oven gas, and gas from re heating and 
regenerative furnaces as applied to 
the raising of steam lor power pro- 
duction purposes. ■ 

There is one very important point 
in connection with steam jaising in 
industrial plants, which the author 
would particularly like to emphasise, 
and that is tin* need for skilled 
supervision and control in the boiler 
house. It may be taken as a general 
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Table I. 


Description of 

Sample. § 


Yorkshire Settliii$*bed Fuel • 

Derbyshire Slurry # ... 

Staffordshire Washer Refuse 

Lancashire Washery \>irt 

Yorkshire Waste from Washery Drainage 

Yorkshire Dirt from Washer 

I^eicester Settlings from Washer 

Yorkshire Shalt* • 

Staffordshire Brick-kiln Fit Tip 
Staffordshire Bats 

Shropshire Shale 

Staffordshire Smudge ... m . 
Staffordshire Grass- grown Heap 

Staffordshire Waste Material 

Warwickshire Bats 
Warwickshire Shale Coal 
Staffordshire Fit Mould 
Derbyshire Waste Heaps 
Leicester Refuse 


No. of stations 

ion 

Total units generated 
'total coal and coke con- 


sumed 

Average coal consumption. 

7.350,757 

lbs. per unit generated ... 
Lowest coal consumption at 

3.32 

any station, lbs. per unit 
generated 

l.7o 


Highest thermal efficiency 
for any station (approxi- 
mate), per cent. ... 17.75 




! Percentage 

Percentage 

Calorific 

1 Ash. 

Moisture. 

Value 

1 


B.Th.U’s. 

i 1051 

10.10 

10.240 

ID. 08 

2.18a 

7,100 

54 53 

0 08 

3.82a 

39 47 

,1.7a 

8.073 

MM3 

19 07 

9.171 

00.48 

4 02 

4.473 

| 34.00 

27.39 

4.073 

| 49.38 

2 0a 

0.931 

1 34 08 

8 1,p ) 

7,808 

: 49 98 

7.43 

a. 184 

07.05 

2 3a 

3,883 

34 33 

20 10 

4,52 a 

1871 

9 17 

9.300 

37 3a 

2.31 

8.0S7 

25.89 

7.01 

8,080 

37 03 

12.82 

t;.4i3 

3a .42 

lo 54 

0,429 

28 53 

11.53 

7.109 

47.02 

0 03 

4.948 


The Cleaning of Coal 

In connection with the use of coal 
for power production it is inteiesting 
to note the development of the Froth 
Flotation Processes lor cleaning tine 
coals. 

It is impossible within the limits 
of this paper adequately to describe 
either the principles underlying the 


process, or in detail the method of 
application. The salient features are, 
however, that coal or coal-bearing 
waste crushed to puss a screen of 
about one tenth inch linear njrerture 
is treated in the form of pulp con- 
sisting of approximately four parts of 
water to one part of coal 

The author understands that $evgAl 
units having capacities of 40 tons 
hourly are now in course of erection, 
and that for a plant of this si/e the 
average cost of cleaning the coal, 
inclusive of power and labour, but 
exclusive of interest and depreciation, 
amounts to 4d. per Ion treated. 

The potentialities of these processes 
are therefore of importance ; they 
open up the possibility of bringing to 
the surface and converting to indus- 
trial use the line and low, grade coals 
of which considerable quantities are 
now left underground, while the grade 
of the coal treated is raised and its 
efficiency enhanced. 

These processes constitute an 
advance in the conservation and 
utilisation of fuels, and are worthy 
of the attention of those who are 
concerned with the production of 
power. 
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Water-Tube Boilers 

Size of Units. Water tube boilers 
have been installed capable of evapora 
ing 130,000 lbs. per hour normally, 
and this duty has been increased on 
overload. The author has been in 
formed that in the ease of the Ruld 
boilers at the Kiver Rouge Works, of 
the h'ord Motor Co., at Detroit, 

270.000 lbs, of water per hour were 
evaporated from one of these boilers 
for fifteen hours, and for two hours 

327.000 lbs. of water from one boiler 
per hour. This is a wonderful 
advance, considering that thirty years 
ago, the maximum steaming capacity 
of a boiler was 7.500 lbs. per hour. 
There appears to be no difficulty in 
constructing very large boilers, tile 
limiting factor being confined more to 
furnace design, but with industrial 
plants 30,000 lbs. evaporative capacity 
will be found a convenient size of 
unit to adopt. 

Pressures. Pressures during the 
last few years have increased con- 
siderably ; 250 lbs. pressure is quite 
common, and several boilers are 
working at 350 lbs. pressure. One 
large new modern boiler house is being 
operated at a daily working pressure 
of 475 lbs. per square inch. The 
ultimate econoYuy to be obtained 
from high pressure is mi yet defin- 
itely established, but Vf turbine 
design calls for even higher pres- 
suie, it wquld appear that the above 
boiler pressures cau be still further 


iucrcasc.il so far as the makers are 
concerned* 

Superheater s. Integral superheaters 
eau now be fitted to boileis to give a 
filial steam temperature of 050 deg. 
to 750 deg. R. and this maximum is 
not likely to be exceeded as it is 
approaching the limiting tomperatinr 
of the steel tubes. 

Stokers. The stokers employed ^re 
mechanical, the chief makes being the 
chain grate stoker, with both mftural 
and forced draught, the •underfeed 
stoker, the sprinkler and coking 
stokers, and the multiple rctoft 
stoker. 

• 

Production of Power from • 
Waste Gases • 

• 

(.1) Blast furnaee (nises. In general, 
the blast-furnace gases available in 
Knglaud are tiucleaned, and when 
using such gas for lirii^ boilers (nfbre 
especially of the water-tube type), an 
external chamber is provided who'll, 
although it does not give such a good 
intermixture of air and gas as a* 
^Uinseu type burner, has the advantage 
of not beguiling clogged up with 
dust. 

* With the advent iirirou and steel 
works of gas cleaning apparatus, the 
tendency is now to lit boilers with 
Bunsen, or multiple-type burners, and 
whereas with the combustion chamber 
the efficiency under normal working 
conditions is probably hot more than 


<i3 to (15 per cent., for boiler and 
economiser, with clean gas and 
burners Ihe efficiency can be raised, 
and 73 to 75 per cent, obtained, which 
would mean that approximately for 
each II . of actual steam evaporated, 
•There would be required 10 cubic feet, 
of gas at 100 B.Th.r’s per cubic foot. 

The following are particulars of a 
test # using blast furnace gas in con- 
junction with a Harrison furnace: 

Heating s^rfact* of boiler :ius2 sq.ft. 

Orate area 41$ sq. ft. 

Temperature #<>i waste 

leases entering furnace • I Nllli dog. R 
Working pressure .lllOlbs. per sq. in. 

Draught at boiler damper i>. limb. 

Water evaporated p r 
^hour from and at 212 * 

• deg. Lv ... # 1 2,49.1 lbs. 

* (B) Coke-oven Cases. •There is a 
considerable held for the utilisation of 
surplus heat from coke-ovens and 
frflm t^e ordinary by-product coke- 
oven plant. It can be taken a£ a 
general averse tlu£ 80 p^r cent, of 
the ga* will be available in the form 
of waste heat, at a temperature of 
1,800 deg. to 2JHX) deg. R, and 20 i>er 
cent, in the fyrnt of surplus live gas 
having a calorific vglue of 450 to 500 
B.Th.Us. 

The evaporation obtainable from 
the combination of waste heat and 
surplus live gas is approximately 
1J tons of water, from and* at 212 deg. 
R per ton of coal ^arbo^ised. This 
surplus gas Is generally burnt in 
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connection \\Tth Bunsen type burners, 
and efficiencies for boiler combined 
. with economiser have been obtained 
as high as 80 per cent. Under normal « 
working conditions, an efficiemy of 
70 per cent, can be relied # upon for 
boiler alone. 

The following is a^ood example of 
figures obtained on test : 

• • 

Total gas supplied per 

hour ... 

Calorific value (lovfer) 

Evaporation factual) ...• 

Working pressure 
I'eed temperature 
Superheat 

Cubic feet of gas per 11> 
of water evaporated 
boiler efficiency 
Mtlieieiiey of boiler com- 
bined with economiser 


20S,S75 i ll. ft. 
t2s H.Th lVs. 

lbs. 

I Mi lbs. 
Hf* deg. 1'. 
I ,‘>S f)0 deg. 1*. 

;>s 

7 t 2 per cent. 
Sll 2 per cent . 


Iif connection with coke owns 
where live or illuminating gas is 
available, this can be consumed under 
the boilers through the ordinary 
standard burner, either of the 
“ 'limbeck " or “ Harper ” type. 'Pile 
following information will give par- 
ticulars of a test run under such 
conditions : 


Heating sntface ol boiler 
Working pressure per 
sq. inch 
Superheat 

Temperature of feed water 
entering boiler 
Temperate re of exit gases 
from boiler ... 

Gas pres.xiiK at boiler 
header 

Gas pressure ;.t boiler 
side of govenor 
Niftnber of burners, type 
" Terbeck ” ... 

Evaporation per hour 
from and at 212 deg. Is 
E Hieie ne v , a pprox i m a l ^1 y 


a, odd s«| . ft . 

IS") lbs. 
i;><> dog. r. 

i:i0 deg. 1*. 

ICO deg. E. 

•( 

2.7") inches. 
11 1 inches. 

1 d per boilet. 

• 

X\,Mu lbs 
,V) per cent. 


Where waste heat is available from 


coke-ovens, •this ^votild be utilisedaiy 
the same way as that from a Siemens 
furnace, or a son king -Jfit plant, ex- 
cepting that* the requisite ffrauglff 
would be furnished by means of an 
ordinary clynmey. Particulars of a* 
test on such an installation are given 
below : 


Heating surface of boiler 4 1^0 sq. It. 

Working pressure ... 1.17 lbs. 

Superheat ... ... # lOhdeg. 1*. 

Temperature of jfises • 

entering the furnace 222$ deg. I*. 

Tempera tmfc of gases 

leaving boiler ...»• 500 rleg. 1*. 

Evaporation per hour 

from and at 212 deg.E. • l«,280 

Evaporation per lfc. of 

coal carbonised from • 

and at 212 deg. E. ... 1D6N 

(C) Gases from Reheating Furnaces. 
There is a great scope for the utilisa- 
tion of wa^tc heat from reheating, 
puddling, and other furnaces where* 
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• • 

the •burned gases available are at 
temperatures of 1,800 deg. R to 
2,000 deg. E> The evaporation oh 
tainahle with a well designed boiler is 
5} to (Mbs. from and at 212 deg. K. 
per lb. of eoal burnt on the furnace, 
with gases at 2,000 deg. R 

It has been stated in the case of 
one firm, where A water-tube boiler 
was installed for utilising the waste 
heat from two hoop mill furnaces eon 
sinning about lOewts. of coal per 
hour, that they have been able to save 
approximately 42 tons of coal per 
week . 

(/)) Gases from Regenerating l inn 
aces. In tile case of furnaces of this 
type, the gases available are in the 
neighbourhood o! 1 .000 deg. to 1,1.50 
deg. R. and although the introduction 
of a boiler in connection with re- 
heating furnaces does not materially 
effect the draught conditions, a 
different case atiscs with iegeneiali\e 
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furnaces, as the draught requirements 
are generally about 1 inch. W.0. 
This difficulty is, however, overcome 
by installing a boiler (nr boiler and 
economiser) combined with induced 
draught fan, the fan giving the 
necessary suction to make up for the 
loss in draught through the boiler, 
and giving 1 inch \\\(i. at the boik'r 
inlet. • • 

There ate many eases of installation 
where the fans are so arranged that a 
draught of U to 2 inches \V.(J. can 
be given at the boiler inlet. By the 
installation of a fan the variations 
due to atmospheric conditions arc • 
eliminated, and it is almost certain 
that the slcady conditions obtained 
when a waste-heat boiler aifd fan are 
provided improve the output of the 
furnace. 

The evaporations obtainable from 
the waste heat of regenerative 
furnaces can be taken as follows *. 



Top Section of Filter Box , “ Halberg*Beth ” 
Ga* Clearing Plant 


General flfitric Co. 


tld. 


I'lntcrinK n-mppruture • 

1100 deg 1*. ,T2t» Ibv of water from and 

1000 deg. I‘. 2.70 at 212 deg V. per 

000 deg. 1'. 2 27 lb coal burnt on the 

pro( liners. 

As a general rule, the coal con 
sumption on the producers is 5J to 
ft cwts. per ton of steel produced, so 
tljat, oil a fair computation, it may 
bu<tfii4 that an average evaporation 
of about 2,000 to 2,2^Hbs. from and 
at 212 deg. I', can be obtained j>er 

ton of steel with gases entering at 
1,100 deg. !•'. 


Pul verkod Fuel 

The subject of pulverised fuel has 
been before the engineering pro 
fession for a considerable ]H*riod, 
and is a question which undoubtedly 
is worthy of further research and 
considerable attention at the present 
time. 

The number of applications of this 
system is not yet very numerous in 
England, in fact, far greater atten- 
tion has been given to the subject in 
the United States of America and on 
the Continent. 

Some two years ago, in the United 
States of America, approximately 
1 1,000,000 tons of coal were used per 
annum in the powdered form Since 
this date this amount has been much 
increased, particularly with regard to 
the generation of power, and in the 
iron and steel industries. 

The 1 1 ,000.000 tons can be sub- 
divided as follows : 

Six million tons for the manufacture 
of Portland cement. 

Three million tons in the iron and 
steel industry. 

One million live hundred thousand 
tons for the generation of power. 

Five hundred thousand tons in the 
copper industry. 

Some of the most important in- 
stallations in the United States of 
powdered coal for the tiring of steam 
boilers are as follows : 

The Milwaukee Fleet ric Railway 
and Light Company, Milwaukee. 

The Missouri, Kansas, and Texas 
Railway, Parsons, Kafisas. 

The Puget Sound Traction, Light 
and Power Company, Seattle. 

The River Rouge Plant of the Ford 
Motor Car. Co., at Detroit. 

In France the adoption of pow- 
dered coal firing, both foT^the genera- 
tion of power and in the iron and steel 
industries, has been very rapid, and 
whilst installations only commenced 
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to go forward* towards the end <^f 
I9IS, there are now more than* 200 
turbo-pulverisers alone ifi successful 
o|>eration. 

The pulverised coal system tor 
steam generation at the plant of the 
Puget Sound Power and Light Com 
pauy, consists of the boilers, with a 
total heating surfaoe of 41,000 sq.ft., 
together with a complete drying and 
pulverising plant. 

The combustion volumes of the 
furnaces per sq. ft. of heating were 
0 2 cub. ft. under four .‘1,000 sq. ft 
boilers and three 4,000 Sq. ft. boilers ; 
0.3 cub. ft. under one 5,000 sq. ft. 
boiler, and one 0,000 sq. ft. boiler ; 
and 0.45 cub. ft. under one ft, 000 sq. ft. 
boiler. The drying and pulverising 
plant contains two driers, indirectly 
fired by pulverised coal, and dust is 
removed by means of a fan and a 
washer, the sprays of which are 
supplied with salt water from Puget 
Sound. The coal used is a purely 
refuse material accumulated at the 
mine during the last twenty years, 
and is very fine, practically all of it 
passing through a 20-mesh screen. 
The heating value averaged 0,300 
B.Th.U.’s, and it is stated that about 
100,000 tons of this coal have been 
burned with an average boiler 
efficiency of SO per rent., individual 
tests showing 77 to Si per cent. At 
the same time very high evaluation 
was obtained, and altogether the 
results appear to be remarkable. 

Another instance in America is the 
powdered coal installation at the 
boiler plant of the Missouri, Karros, 
ami Texas Railway, at Parsons, # K«in. 
This plant was converted in JOift, and 
consists of eight water tufie boilers, 
each having 2,500 sq. ft. of heating 
surface, and was so arranged that rtil, 
natural gas, or pulverised coal could 
be burnt, at will. The experience 
obtained on this plant is said to •be 
strongly in favour of pulverised coal* 
and the advantages are given as 
follows : (I) Maximum flexibility and 
reliability ; (2) repairs only trifling ; 

(3) correctly designed furnaces »are 
easily maintained at high ratings ; 

(4) low grades of coal can be burned 

with success. * 

Successful pulverised fuel install;! -• 
tions upon a very considerable scale 
are working at the new Lakeside 
Generating Station of the Milwaukee 
* Electric Railway and Light Co., and 
at the comparatively new River 
Rouge Boiler Plant of the Ford 
Motor Car Works, at Detroit. 

As to the former, pulverised fuel 
was fitted to the old boilers of the 
old Electric Station. The installation 


could not be said to be perfectly 
successful, yet the engineer of the 
plant was so satisfied that, with 
t properly set boilers, pulverised fuel 
woulch be successful, that he installed 
such a jVkTtit in his new Generating 
Station at lakeside. 

The boilers at Lakeside are what 
may Le describe/ as the Babcock and 
Wiicox Land tyi>e. bat they were, 
made by the Edge Moor Boiler Com- 
pany. The •rate of dthese boilers is 
described as bei#ig 1,308 horse-power 
normal, boiler horse-poweY in America 
Ixdiig tajccu as 341 lbs. of water per 
square foot of heating surface. 

The system employed is known as 
the “ L>puleo " system. 

A series of trials were carried out 
under the auspices of the American 
Government at the Lakeside Gent-rat- 
ing Station, and the amount of data 
taken probably exceeds that of any 
other trial. The shortest trial was 
approximately of twenty hours’ dura- 
tion. and the longest just over forty- 
two hours, and the efficiencies, 
economisers included, were from 8(13 
per cent, (the lowest), up to 80.1 per 
cent, eflicieney being obtained with a 
coal of 11,401 B. Th. Us. 

Very shortly, reports will be pub- 
lished showing the overall efficiency of 
this station, that is, the kilowatts 
generated for coal consumed, and it 
is the exjK'Ctation that these will 
«diow a remarkable performance. 

At the Ford installation the boilers, 
which are without economisers, and 
are four in number, have each 
20,400 sq. ft. of heating surface. No 
efficiency trial has been carried out 
on these boilers, owing to tile 
difficulties inroRcd in arranging 
suitable wiftcr and coal measuring 
apparatus on the Jarge* scale that 
would be necessary, but the boilers 
are fitted wit 11 numerous instruments 
which enable the performance to be 
judged very* closely. 

• The author has l>een informed that 

270,000 lbs. of water per hour were 
“evaporated from one of these boilers 
for fifteen hours, and for two hours 
327, (XX? lbs. of water from one boiler 
per hour. # 

• Thes^ boilers are prooably the 
largest boilers ever installed. 

At the maximum the evaporation 
was just under 121 lbs. of w r ater per 
square foot of heating surface. 

9 The Ford plant fias now been in 
operation for just about a year, and 
the author understand? that the 
engineers of the plant express their 
perfect satisfaction with the pulverised 
fuel equipment. 

(To be continue^) 


• * • 
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THIS SECTION DEAVS \0ITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF*THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Purchasing 

*1 lutrart of Paper read hejon- the institute of Industrial Administration, Miit\h Nth, 19'J'd) 

% By II. M. SURTEES TUCK WELL, M.I.Mmii.K. 


Maying is /ust as important as soiling in Modern Business, and this 
article explains the principles underlying the securing of goods oj 
the highest possible value in quality and quantity at the lours/ price. 


I •PURCHASING may lx* re 
J garded as a fundamental 
element in all business, and 
may lx* defined as obtaining 
tlx* highest possible value of 
goqjjs in quality or quantity for the 
lowest price. 

To realise such a condition, it is 
necessary that a comprehensive yet 
simple routine should be in force, 
and that the department be directed 
by one possessing a wide experience 
and knowledge, coupled with energy 
and initiative. 

This department lias in the past 
received -oo little attention as a 
scientific function. One finds much® 
literature devoted to production and 
salesmanship and a very little to 
purchasing. 

I j Right buying has a vital influence 
oil the cost of production. We n*iy 
go farther and say that the success 
or failure of a Itusjjiess *may be 
attributable to good or &id buying, 
for it is a fatt th^t a large percent^ 
of the profits of every business 
depends upon the alfilitv of the 
purchasing department to obftin tllf^ 
best quality at the lowest* price. 

A quotation is made for a certain* 
contract based upon estimates pre- 
pared and covering direct labour/ 
materials, establishment charges n*d 
expected profits. The success or 
failure to secure necessary raw 
materials fvithin ‘the price limits ofr 
the estimate, luck of promptness in 
passing invoices and. securing best 
cash discounts, slackness in following 
up delivery of materials and in the 
case of shipments, possibly incurring 
demurrage charges, may contribute 
towards the Elimination of any profits. 

It is obvidtely of vital importance 
to a manufacturing concern to have 
sufficient stbek on hand, but not a 
surplus of <^>solefe material. 


In some cases it is easy to forecast 
a consumption over a period, while 
in others demands are more uncertain 
and fluctuating. 

The Purchasing Agent 

It has been long recognised in 
America that this is a position of 
distinction and importance, and in 
many companies the pun hasing agent 
is a vice-president or a director. 

He should be endowed with good 
common sense and wide technical 
experience, both of the articles them- 
selves which he lias to obtain, their 
various uses, the methods employed 
in their manufacture, and possible 
forms of adulteration or substitute. 

• It may be thought that this is a 
counsel of perfection quite unattain- 
able. 

Of course, he must realise his 
limitations. A man who poses as an 
expert in*all the materials he buys 
soon becomes ridiculous. In these 
diws of increasing specialisation he 
can at most have intimate knowledge 
o^ two or three branches, but he can 
always call in expert assistance when 
necessary. 

• He should be also a keen student 
of local and national markets. 

Consideration of this aspect of the 
purchasing agc^it activities has made 
great progress in this country, and 
carefully selected , highly-trained 
officials apjrointed in most important 
# works. 

In the past these duties were often 
delegated to some individual whodb 
faculty for interviewing* travellers 
and a superficial familiarity with the 
materials purchased enabled him to 
discharge the functions of this office 
without serious comment. 

Every busy man will admit the 
anuoyance be feels when a represen- 
tative’s card is thrust before him in 


the middle of a conference, or when 
dictating letters, and in many cases 
this has led to the appointment of a 
fixed hour, and often a day, for 
seeing travellers. 

Again, in the past many of the 
representatives soliciting orders for 
manufacturers were but insufficiently 
masters of the trade whose products 
they offered, and were often imconi- 
petent to discuss essential details 
with their clients. 

The writer noted during a six 
months’ visit to the United States, 
that the majority of salesmen he 
encountered were graduates of a 
University, and had specialised in the 
particular branch they represented 
and could discuss design, costs, 
method of manufacture and essential 
details. The desirability of this 
need not be emphasised, and our 
claim that the purchasing agent 
should be a trained engineer may be 
extended to the salesman. 

As the purchase of materials for a 
large engineering, ship-building, or 
steel works company, will involve 
many hundreds of articles differing 
in character, material and ultimate 
use, it is obvious that the purchasing 
agent holds a position of serious 
responsibilty. Upon him lies the 
responsibility for the orders placed, 
the onus of securing right materials 
and the right prices, even if as in 
some establishments the formal orders 
are signed*by the secretary or other 
official of the company. 

The purchasing agent should keep 
intimately in touch with all other 
, departments ; drawing office, works 
manager, foreman^ and specially, 
storekeeper. Close co-operation be- 
tween these ifil makes for higher effici- 
ency it* the* purchasing department. 

It is equally desirable that he 
should confer occasionally with tne 
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individuals from whom he receives 
hi s requisitions and indents, and 
discuss matters arising in connection 
with purchasing 

This is difficult when the pur- 
chasing office is in London, or the 
provinces, and the works are abroad, 
but it is then even more desirable 
for occasional visits by the pur- 
chasing agent to the works, nr the 
rcquisitioner to the purchasing office. 

' Specifications 

Specifications should be clearly 
and definitely drawn up to ensure 
that all bidders are meeting on the 
same plane. In it* may lx* laid down 
as a first essential that all enquiries 
should b<* accompanied bv a definite 
and explicit specification. 

The Author remembers receiving a 
cable some years ago which read : 
"Ship promptly one gross 1 in. 
valves." Blue prints and drawings 
are, of course, a necessary accom- 
paniment to many orders, but it 
should be emphasised that the enquiry 
must be presented with such full 
and complete information, that every 
bidder intelligently can understand 
it, for a loosely-worded enquiry to 
several bidders will result in several 
quotations which are not comparable. 

Generally speaking the purchasing 
agent is within easy distance of the 
stores, where materials are ware- 
housed till required, and also directly 
in touch with departments from 
whence requisitions for materials have 
been issued. In such cases he readily 
may satisfy himself of their exact 
requirements before issuing enquiries 
to the makers, and can also refer any 
matter needing settlement to the 
same sources. But in other cases the 
purchasing is undertaken at a head 
office, remote from the works, and yet 
again many colonial and continental 
establishments have an agent in Lon- 
don, or the provinces, and indents are 
mailed to such agents for purchase and 
shipment. In such cases a comprehen- 
sive specification is a vital necessity. 

The British Engineering Standards 
Specifications are now universally 
adopted, and it is hoped that the 
field which they cover may be ex- 
tended considerably in .the near 
future. In many cases it is advisable 
to have a complete range of samples 
of the smaller articles which form a 
standard basis for obtaining materials. , 

Agreed standardisation by different 
departments usfng the same articles, 
will enable larger contracts to bo 
placed for individual articles., with 
corresponding economy in purchase, 
st8rage sp^ce, and storekeeper’s time. 


'Another opportunity for economy 
may be found in the purchasg of 
materials with constant Iw fluctuating 
values, as for example copper, tin, 
spelter. 

Careful study of sources, conditions 
of foreign markets, and world trans- 
actions are needed, and so many of 
these materials fo/m a subject of 
speculation by small brokers all 
over the country, that it is desirable 
to have ample notice of requirements 
so as to choose a favourable oppor- 
tunity to buy. 

It may be often found economical 
to use substitutes, and the purchasing 
agent should study the suitability of 
goods which, while fulfilling the 
specification in most resjiects, may 
offer inducements in regard to lower 
price, which will justify departure 
in small particulars. 

In addition to the specification 
required for issuing general enquiries 
for maintenance supplies, a special 
specification may be needed in the 
case of large machines or plant. 

At the risk of being criticised for 
going into elementary details, it may 
be mentioned that the general 
specification should cover details of 
plant, such as lubrication, guarding 
of gears, demand that full detailed 
drawings be supplied (a condition 
which many of out old-fashioned 
makers contest) ; stipulate that the 
vendor indemnifies the purchaser 
against any infringement of patents, 
or licences, strikes, and prohibit 
publicity in respect of publication of 
details of any order. • 

Apart from specifying the actual 
quality of the materials composing 
the finished article, sonfbtimes it 
may be necessary to specify the 
methods of manufacture, and finally 
certain tests to which the material 
must be subjected. t 

An example is foundry Pig Ir*n, 
which at one time was graded by it* 
fracture ; now' it is usually guaranteed* 
that different numbers will, with a 
small pre-arranged variation, have a 
content of certain per cent, of 5* Si. 
P.C., etc. 

Another is Electric Cable for which 
methods of manufacture and t&ts 
during and after manufacture are f 
laid down. In large works, the P.A. 
KVs the assistance of the Chemical 
Laboratory* and the Physical Test 
House, in the absence of which he 
must frequently draw’ nis own samples 
and have them tested. 

On the order form it is good practice 
to~embody the essential details with 
a heading “ Terms and conditions 
under which orders are placed.” If 
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an acknowledgement form is printed 
at the foot of the order and perforated 
so as to be torn off and signed by the 
supplier, it will constitute an accep- 
tance^ such conditions. 

• 

• Inspection 

Inspection by* the purchaser is 
generally desiralde ; while a clause 
should be inserted in tjie order form,, 
that the purchaser’s inspection does 
not relieve *he supplier of any res- 
ponsibly, and ^further clause should 
provide for ;i guarantee hi respect of 
replacement of defective material or 
workmanship. 

The periodical visits of the pur- 
chasing agent or his inspectors form a 
series of reports of the advance 
towards completion of a large machine,^ 
or plant order, and complete* the 
story of cadi order. 

These reports arc also a valuable 
index of the capacity and reliability 
of the suppliers ; they should contain 
brief notes of the firm visited-— Im- 
portant members of staff interviewed 
--size and description of works and 
various departments, <?./»., if they have 
their own foundry, laboratory, testing 
plant ; if methods are good and up- 
to-date, plant modern, number of 
men employed, proximity to railways, 
reliability of sources of supply ; if 
prices consistent and arrived at by 
scientific methods. They should also 
«aote name and addresses of firms, 
whose works are passed in their 
travels, with goods manufactured, 
such data being recorded on Vie 
mailing list. The Inspectors will 
spfnd a proportion of their time in 
the purchasing office checking orders 
placed, and pifptring notes to assist 
them in inspection tours. 
t They will urge deljvcry^f materials 
on order and inspect those ready for 
shipment, material destined for abroad 
receiving special attention and care, 
this inspection being extended to 
•packing, to ensure stroyg, securely 
fastened cases and ample provision 
•against the action of sea, air and water. 

tfhe Inspector should be a res- 
ponsible person in whom compete 
confidence can be placed. He should 
4>e able to use hts judgment and 
decide 'matters of policy ajising out 
of his visits. •u he is allowed a little 
latitude in his interpretation of the 
specification, 'and judiciously can 
stretch a point How and again, 
material and time may be economised. 
Most works managers afe aware of 
the hard and fast adherence by 
inspectors to the wording of govern- 
ment and railway specifications, which 
often result in rejection qpd destruc- 
• « 

o* 
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Records 

divisions 


Records . 

may be classified in two 


( 1 ) 

( 2 ) 


Orders and requisitions. 

Data and general information. 

In the iirst connection the following 
records are involved 

Requisition or indent received. 

Specification and ;ill essential data 
collected. 

Knqniry made out and issued. 

<Jnotat:ous received and compared 

Selection of tile best matcrid. 

Order drafted and typed. 

figures and conditions checked before 
being sent out to purchasing agent for 
signature and transmission to the 
selected supplier 

Correspondence regarding details, ship- 
ment, inspection, etc. 

Inspector’s reports received and filed. 

Invoices received. 

Invoice paid and discount obtained. 

Receipts received. 

Whole order shipped. 


tionof material, which might be safely 
employed. On the other hand the lati- 
tude suggested must not be too wide, 
and only judiciously given effect to. 

On Choosing a Supplier • 

While the purchasing agent should 
always be alive to posable new sources 
of supply he rightly i\ay determine 
some one or two ^Irms whose services 
in*the past has justified his reliance 
on good material and workmanship, 
and prompt execution of promises. 

In this conaection ft is well for 
him to study the methods of the firms 
he deals with, and a personal ac- 
quaintance with their works and 
staff is an advantage. 

Having satisfied himself that their 
methods are irreproachable, their 
costs accurate and unburdened with 
heavy overhead charges, due to 
slovenly methods, or incompetent 

management, he can place repeat The Idle is then Dead and may l>e 
orders with a sense of security that transferred to the Dead Cabinet. 
he is being fairly treated. “ Rush Orders " should be avoided 

The personal relationships thus es- as far as possible. They are bound 
ta Wished are a great asset to him, and to upset the Routine of the depart- 
at the same time keep him informed merit, and are not conducive to 
of the stateof markets, capacity of his economical purchasing, 
suppliers, and their manufacturing It will be noted that the file when 
methods, all these points going to form closed is a complete life history of 
the data required when placing orders, the subject. 

While the personal element is of 2. Data and information . Tin's 
great value in the initial stages of a second classification is never dead, 
transaction, it is occasionally an but always must be clearly recorded, 
objection in the final settlement. readily accessible and kept up to date. 

Assuming a clearly-defined call for ** Some of this data is recorded from 
quotations to a clear and exactly- actmal transactions carried out by 
worked specification, the purchasing the department, while other necessary 
agent should be able to compare his . data must be collected from outside 
bids, and decide which is the besfc sources, or other departments of the 
value for the lowest price. To be worlA, • technical journals, extracts 
harassed by importi^ia^e travellers from correspondence, metal and other 
anxious to secure an ordei improbably raw material bulletins. This data is 
the experience of all buyers. morg essential to the purchasing 

Representatives Vive said to the • department than any other. 

Author : “ We can qu#te you a It is advisable to have card index 

lower price if tlmt is what you \rtint.” ^records of all purchase, one side 
Price must be considered in con- bearfng the record of the order, while 


junction with quality . It may suffice 
sometimes to* call for a sample with 
quotation, and it is then for the 
purchaser to decide, if he is capable^ 
whiejj offer is the best value for money. 

The holding of Dutch Auctions is a 
practice to bt avoids most rigorously. 

If a firm have made an lfcmcst 
quotation, based on accurate costs, 
let them abide by it and not bombard 
the purchasing agent with offers to 
try and improve «on their bids, if 
they have an inkling that a com- 
petitor is a shade lower. 

Healthy competition is a stimulant 
to Industry, and should not be abused. 
Quotations should be regarded as 
Strictly private *and confidential. , 


*thc reverse side contains a list of 
suppliers of the particular goods, and 
• then forms a mailing list. 

The cards can be ruled with spaces 
for rdbording particulars of the firm’s 
capacity and ability, their promptness 
# in executing orders, and a private 
code may be utilised to signify the 
oftder in which their value is assessed. 
In will be appreciated that this data, 
is constantly changing, *and the 
mailing list needs regular revision. 

► Advantage may be taken of the visits 
of salesmen to obtain quotations for 
various things they can offer, even 
though there is no immediate call for 
them, and such prices recorded against 
, future needs. In this way a record is 
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•built up, and both the Salesman and 
the purchasing agent feel that the 
visit is not fruitless. 

Directories (Post Office, Sells, Ry- 
la ml's, etc.), afford useful records of 
suppliers, and it is here that the 
Inspector’s reports are of value, as 
the insertion of a firm’s name in 
block letters does not necessarily 
imply the relative importance # 9 

their works. 

Filing Methods 

However large or small the pur- 
chasing department may be, it is 
essential that a proper and regular 
system should be evolyed. Members 
of this Institute know that it is im- 
possible to take any particular system 
and apply it without modification to 
a new situation. 

The principles may be adopted, 
but the adaptation must be carried 
out with great care and regard to 
effect, and each case worked out to 
suit conditions. 

One main thing to remember is 
simplicity, the fewest number of forms 
compatible with securing essential 
data. Judge your efforts by results. 
Can I promptly lay my hands on the 
cost of any article whether bought last 
week or five years ago ? From whom 
did we buy this or that in 1015 ? Can 
I promptly find a letter written to 
inc or by me three, four, or five years 
ago, regarding any subject ? If your 
answer is invariably and truthfully in 
the affirmative, then your system 
needs little improvement. 

Vertical filing cabinets are now 
universally adopted, and only one 
subject should be filed in a cover, so 
that the entire history of that subject 
or order is instantly available. 

If there are a number of drawings 
relating to the order, it is advisable 
to file one set with the order, or in a 
separate file, while a general drawing 
cabinet will receive duplicates. 

The importance of the duty of 
filing is sometimes overlooked. It is 
very unwise to economise in this post 
and ample repayment is gained by 
having a competent individual. A 
cheap man and mistakes is more 
expensive than a high priced man 
and efficiency. 

Of course* however carefully you 
may perfect your methods, you are 
always dependent to a certain extent 
upon the human element. 

# It is generally impossible to leave 
to the discretion of ttohiiling Clerk the 
decision as to .locating certain docu- 
ments, and whenever any doubt is 
felt thef should be duplicated, or 
triplicated and filed in each possibly 


place where tlhey Inve any reference. 
You cannot prevent entirely the filing 
of a document in a totally wrong file. 
This sometimes happens, and the 
paper is then inetrievably lost. 

Catalogues 

As catalogues form a necessary 
source of information, they should 
be systematically tiled and a doutle 
earn index record maintained, one of 
the name of the suppliers, and one of 
the goods they refer to. Each 
catalogue should contain discount 
sheets if supplied. 

Everyone who has tried to file 
catalogues will qgrec with the difficulty 
due to variations in size. It is to be 
wished that makers would standardise 
their publications to some three or 
four sizes. It will probably be 
necessary to have at least six heights 
and depths of shelves to accommodate 
all sizes. There are so many methods 
of indexing and filing that the Author 
would express no prelerence, merely 
remarking that the Dewey- decimal 
system has much to recommend it, 
especially if the catalogue library is 
a large one. 

A card index for catalogues may be 
simplified by adopting two colours, 
one colour for makers' names and 
another colour for material or subject. 

Invoices 

These should first go to the Pur- 
chasing Agent, and in Ins department 
they must be checked carefully and 
promptly. In some offices a special 
record of invoices is kept, and when 
this is so, it is easy to detect any 
which may have been twice rendered. 
A rubber stamp may be used to O.K. 
the invoices, and a note made on the 
order at the same time if correct, 
special attention given to the date 
when discounts expire, and the cashier 
notified accordingly. A weekly list 
of the values of invoices received is of 
great assistance to the accounts 
department, and warns them in 
advance of inouies payable. At the 
same time, it is an index to the 
Purchasing Agent, and if recorded on 
the form of a curve, graphically 
shows the volume of his activities 
and their fluctuations. 

« 

Stores 

This department has been so 
admirably dealt with by Mr. Elbourne 
in his book, that it is enough to note 
the great impq^nce of close relation- 
ship between this department and 
the purchasing agent. Ip some works 
the stores are under his direttion, the 
desirability of which is open to 


criticism, byt where this is jtot the 
case the closest co-operation slftnild 
exist. # • 

The Cost of Purchasing • 

Most of the departments in an 
engineering works are producing de- 
partments, and the cost of these can 
be assessed accurately, showing the 
profit or loss maVle on every transac- 
tion, but the purchasing department 
is a spending department, and careful 
examination should be made by the 
chief himself of the expenses of his 
operations. It is easy to assess these 
costs, when his department is one of 
several comprised in a manufactory ; 
salaries of his staff, a due proportion 
of rent, rates and establishment 
charges will provide a total, deter- 
mined with facility. 

At the same time the total ex- 
penditure for all material passing 
through the purchasing department, 
and delivered into store or steamer, 
will give a figure from which the per- 
centage cost of purchasing may be 
assessed roughly. 

These figures may be subjected to 
interesting analysis, and as some 
materials may require more time and 
more attention from the department 
in the process of acquirement, a 
graduated scale is possible, if it is 
thought worth the study. 

Where, however, the purchasing 
agent acts as a buyer tor several^ 
companies and obtains quotations for 
his clients, many of which m*er 
materialise as orders, or obtains in- 
formation regarding markets, firms, 
methods and processes, the matter 
becomes more complex, and* vfould 
form a useful subject fot elucidation 
by our experts of the Institute of 
Industrial Administration. i 

i 

Conclusion 

The Author has endeavoured* toN 
condense within the scope of a short 
paper some of the prominent facte * 
which go to make an efficient pur- 
chasing department, and trusts that* 
he has not enunciated many too 
evident truths in ftis endeavour to 
touch on all the essential points. 

rr— " ~ ~ - * - v -tt t 

steady loads, and certainly to 5 p A 
,cent. on fluctuating or pulsating 
* loads, au^J it will be no exaggeration 
to say that in average cases 5-7 per 
cent, of the coal Mil can be saved ■ 
by keeping an accurate and continuous 
check in this way on the steam 
consumption of the departments 
and processes in an industrial 
establishment. 


STEAM METERS ANIX 
FUEL ECONOMY 

(Continued from page 3.) 

by keeping a record of the exact 
amounUof steam taken in each case. 
One Reason why steam meters have 
been neglected 1 is that it is only 
within quite /ecent years that they 
have become a practical proposition. 
The invention of a reliable and 
accurate # steam meter has, in fact, 
been one of the most difficult pro- 
blems in engineering, particularly 
because of tbe fluctuating nature of 
the average steam demand, the 
presence of varying amounts of 
moisture from almost zero to 5 per 
cent, in ordinary non-superheated 
steam, the variation in pressure, and 
the swirling motion of the steam in the 
pij)es. These difficulties have, how- 
ever, been overcome and, whilst Mr. 
Hodgson's paper was confined chiefly 
to the “ Kent ” meter, there are now 
even different makes of steam qieters 
on the market. In the “ Bayer " 
and “ St. John ” meters all the steam 
to be measured passes bodily through 
the casing of the meter, lifting a 
tapered plug or a disc off its seat, 
the amount of lift being proportional 
to the steam passing, and actuating 
a pen mechanism which gives a 
continuous record on a chart. 

The “ British Thomson Houston,” 
“ Curnon.” and “ Sarco ” meters 
depend on the " Pitot ” Tube principle, 
a disc being inserted between the 
steam pipe flanges, containing t two 
very small tubes, one facing the flow 
Iff steam and one being against. The 
slight difference in pressure, up to 
about • $ lb.^ fcer square inch, is 
proportioi^il to the amount of steam 
gassing. The " Bailey Tan d " Kent ” 
meters are on the ventur tube 
principle, tfie insertion between the 
.flangftj of a disc of less diameter than 
the stcani pipe. At the constriction 
the pressure is slightly reduced, be- 
cause of the increased velocity of -the 
steam passing, and this difference, as 
Jj>efore, is proportional to the amount 
of steam passing. In both typfs of 
meter the discs are connected by 
metallic piling, *f till ofr condensed 
water, to various types of measuring 
device to re^prd the small pressure 
difference direct as lbs. of steam 
passing in tlx? pipe. These measuring 
devices depend an one of three 
principles, the sealed bell floating in 
mercury, the diaphragm, and; the; 
f ‘ V ” tube. * 

Generally speaking, steam meters 
are accurate to 1-2 £er cent on 
{Concluded at foot If pretexts column) 
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Conducted, by “ M.lnst.T.” 


THIS SECTION DEALS WITH TRANSIT BY AIR. LAND AND SEA. AND PARTICULARLY WITH 
, MANAGEMENT AND CONTROL OF RAILWAYS :: t; II 


Indian Railways in 1920-21 


During thf year 1920*21 the percentage of net earnings on total capital out- 
lay was 5.00, as compared with 0.80 the previous year. There was a 
substantial increase in gross earnings, but working expenditure so developed 
that a decline in net earnings resulted . Many points of interest are brought 
out in the present Report, of which the following article is a brief summary, 


fT g ^HK Report of the Railway 
I Hoard on the Administra- 
I # tion of Railways in India 
M for the year 1920-21 is, as 
it has long been, divided 
into two volumes, the first being the 
report itself, with a few summary 
tables of the more important figures, 
while the second (the larger of the 
two volumes) comprises the statistical 
appendices. In this issue, however, 
the Railway Board have made a 
notable departure from established 
usage. Instead of a more or less dry- 
as-dust account of events, they have 
in the present report given a most 
comprehensive summary of the rail- 
way position in India, and one that 
will, no doubt, in the words of the* 
prefatory note, well serve as a 
medium for conveying tg the ‘public 
a true appreciation of tlte Indian 
railway positi(ffi. f # 

In previous articles published in 
the Transport Section of fcjDUSTRiAi, 
India, I have ndt scrupled to crfficise 
the work of the Railway Beard, and 
it would be njore than unfair if I did 
not, as occasion arises, give praise 
where praise is due. May I therefore 
say that the change in the form of the^ 
Raih^ay Report is a wonderful im- 
provement, and one that will, in my 
opinion, ha^e a iftore ftir-reaching 
effect than those who conceived it 
and carried it into effected in mind. 
In these modem days, bare bones 
and hard facts may be Sufficient to 
elucidate the extent of the railway 
problem to those 41 in the know," but, 
as Sir Williatft Hoy, the progressive 
General Manager of the South Afiican 
Railways, has proved, a well-written 
descriptive narrative detailing the 
difficulties tqjie faded, and indicating , 


how the Administration proposes to 
surmount them, has abundantly justi- 
fied the labour bestowed upon the 
work. 

The first volume of the Report for 
1919-20 contained 27 pages, while in 
the amended form adopted in 1920 21, 
70 pages are occupied with ten chap- 
ters of exceedingly interesting in- 
formation. Within the space at my 
disposal, it would, of course, be im- 
possible to give more than a brief 
summary of the report, but I hope 
•ihat this, at least, will show, as 1 
have already intimated in these 
columns, that the railway problem 
in India is ail acute one, and that a 
broadminded policy of development 
will be required for the next few years 
if the* [ftoblcm is satisfactorily to be 
solved. • 

1 # Review of Indian Trade 

Oye of the new features in the 
^reporj is an introductory review of 
the # position of Indian trade, and 
therein it is pointed out that whereas 
India has hitherto been primarily an 
exporting country, with a consequent 
favourable balance of trade, the out- 
standing feature of the year 1920-21 
was a complete reversal of this 
^positkm. There was an enormous 
iijercasc in the value of imports, 
which reached the record figure of 
Rs. 330 crores, or 61 per cent, over 
the previous year’s figure, Wvhile ex- 
ports, which amounted to Rs. 256 
•crores, declined by 22 per cent, as 
compared with the previous year. 

That such a change in trade con- 
ditions must have an important in- 
fluence on the rail why position must 
* be obvious to any one, for trade and 


transportation are so interdependent 
that any divergence from the normal 
channel of a large volume of traffic 
necessarily reacts upon the railways, 
which have, perforce, to adjust their 
arrangements to meet the new con- 
ditions. This problem, as a matter 
of fact, is one that has been ex- 
perienced by nearly every country 
in the world since the Great War, 
which brought about such drastic 
changes in established practices, and 
created new channels of traffic, that, 
on the resumption of more normal 
conditions, important rearrangements 
had to be made by the railway com- 
panies to meet the new requirements. 

The unparalleled depression of trade 
in India was largely due to the fact 
that towards the close of the year, 
the Indian markets were overstocked 
with manufactured goods, of which 
disposal could not be made, and 
dealers found themselves face to face 
with a difficult financial position. 
Additionally on account of shortness 
of crops and the fact that the power 
of India's customers to pui chase her 
produce was restricted somewhat 
severely, the export trade, as indi- 
cated, suffered to an almost unpre- 
cedented degree. 

In this necessarily brief review it 
is impossible further to analyse the 
causes which have contributed to 
the abnormal trade depression noted 
above, but special reference to the 
agricultural position is essential, for, 
^s I have emphasised on more than 
one occasion in the pages of In- 
dustrial India, the ft&way business 
in India is largely bound up with the 
agricultural industry. The monsoon, 
which began well, ended badly, and, 
as a consequence, the average rainfall* 
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over the plains of India was about 
12 per cent, below normal, This had 
a serious effect oti important crops, 
such as wheat, cotton and jute, but, 
on the other hand, the season was 
favourable to the rice crop of Eastern 
and Southern India. The cotton 
produced was 39 per cent., and jute 
t 30 per cent, less than the previous 
while rice, which suffered less, 
was 12 per cent, down, all other 
commodities showing somewhat simi- 
lar results. 

The shipping position is also of 
importance in considering the railway 
position in India, and it is comforting 
to know that there was a substantial 
increase in the net tonnage of vessels 
entering and clearing <luring*the year 
under review. The t rade analysis ends 
on the note that as the railways of 
India depend so greatly on favourable 
trade conditions, it is to be hoped 
that the tendency towards lower 
freights and increased tonnage will 
continue, and that improved inter- 
nal prospects and the reopening 
of European markets will shortly 
terminate the period of depression 
from which the country suffered dur- 
ing 1920-21. 

Railway Mileage in India 

On March 31, 1921. the railway 
systems of India comprised 37,928 
miles, this representing the fruits of 
sixty-eight years’ development since 
the opening of the first Indian line, 
21 miles in length, from Bombay to 
Thana, in 1853. A list given in the 
report to show the contribution to 
open mileage represented by each 
Viceregal administration, yields the 
palm to Lord Curzon, who, between 
1899-1905, was responsible for the 
opening of 0.255 miles of line. 
Financial policy has, of course, been 
the governing factor in this question, 
but it is at least interesting to reflect 
— though it is not mentioned in the 
report-— that if each six-yearly jxriod 
of the sixtv-eight years of railway 
development in India had yielded 
0,000 miles of line, as between 1899- 
1905, the system would now comprise 
something like 70.000 miles, or nearly 
double the existing mileage. 

Of the 37,000 miles of railway in 
India, 34,000 miles are single-track, 

3,000 miles double-track, and an in- 
significant per cent age in the vicinity 
of Calcutta and Bombay with more 
than two tracks. So far as gauge is 
concerned, 18,000 miies are on the 
5 ft. 6 in. gauge, 15,000 milps on the 
metre gauge, and the remainder either 
'on the 2 ft. 6 in. or 2 ft, gauge. It 


’ will be reoulled in this collection 
that, to the March, 1922, issife of 
Industrial India I ^contributed an 
article on " The Railway Gauge 
Problem in India,” based on a 
lecture by Mr. F. G. Royal Dawson, 
M.Inst.C.E., late Chief Engineer with 
the Railway Board, who urged the 
necessity for a bold gauge policy. 

In this section of the report, con- 
siderable space is given to a descrip- 
tion of the methods in which railways 
in India have been financed, con- 
structed and operated. It is pointed 
out that the power of the Government 
to acquire railways lias consistently 
been used, and that there are now 
only four important lines, viz., the 
Bengal and North Western, the 
Southern Punjab, the Delhi-Umballa- 
Kalku, and the Rohilkhund and 
Kumaon Railways, which are not the 
property of the Government. Thus 
six-sevenths of the total railway 
mileage of India belongs to the 
Government, while one-seventh is 
owned by private companies. On the 
other hand, the mileage worked by 
the Government is considerably less 
than 10,000, and with that worked 
by native States, less than 12,000, 
whereas private companies work over 

25,000 miles. As noted in the report, 
and discussed at some length recently 
in these pages, the propriety of 
leaving the operation in the hands 
of private companies has been dial#* 
longed, and there is a strong diversity 
of opinion on the matter. • 

Capital Expenditure * 

During the year 1920-21. thf capital 
expenditure was Rs. '24,08 lakhs, 
works, including stores, etc, account- 
ing for Rs. 12,91 lakhs, rolling dock 
for Rs. 10,15 lakhs, new lines for 
Rs. 1,02 lakhs, but even this {mm, 
which compares with Rs. 13,49Jakhs v 
in the previous year, and a maxin\um 
in any one war year of less than R.< 7 
lakhs, was not sufficient to make up 
the crying needs, and this point was* 
strongly stressed by the Acworth 
Committee. 

The report proceeds to discuss the 
■question of open line facilities^* and# 
explains how public criticism jn 
recent years lias fallaciously alleged 
shortage of rolling stock to be 
the remedy for railway congestion, 
whereas this is only one of the de- 
termining factors, * nd one largely ' 
influenced by the question of line 
and terminal facilities. Tliis inter- 
relationship was analysed at some 
length in my recent article entitled 
" Rehabilitation of Indian Railways,” 


and in an early issue I propose to- 
return to this subject in a discussion 
on ” Indian Railway Developments.” 

In connection with capital expendi- 
ture it may be added that, as I write, 
I learn»by cable from India that the 
Legisfative As^mbly has accepted 
the recommemfations of the Finance 
Committee tfat 30 crores of rupees 
should be allocated# annually for the 
next five years for railway purposes 
solely, there yould seem to be 
some substantial hope of a relatively 
speedy improvement *in the general 
transport conditions. 

Chapter III of the report discusses 
the question of rolling stock in an 
instructive fashion, but as it is more 
important in this article to deal with 
the financial results for the year. I 
will leave rolling stock for attention 
in my article on ” Indian Railway 
Developments.” 

Working Expenses 

Before the war the “ operating 
ratio,” or the percentage of working 
expenses to gross earnings of Indian 
railways, ranged round an average of 
50, and while, during the crucial war 
years, owing to the suspension of 
repairs, renewals, etc., the operating 
ratio dropped well below the average 
of 50, it lias not since been within 
measurable distance of it. For the 
year under review, it reached the 
unprecedented ratio of 65.54 per cent, 
as compared with 56.81 per cent, for 
the previous year. This arose out of 
a tremendous increase in the working 
•expenses, which advanced from Rs. 

50, 65, 65, 000 during 1919-20 to Rs. 
60,29, 04, daring 1920-21. On the 
other hand, the gross earnings ad- 
vanced from Rs. ^9,1^,32,000 to Rs. 
91,98,76,000, but this quite sub- 
stantial iifcrease was greatly out- 
weighed by the advance in the 
working ^expenses. As usual, there 
was considerable vaiqption as be- 
tween companies. For example, the 
East Indian operating ratio was less 
# than 52, while the G.I.P. and the 
Assahi-Bengal lines were at 77. * 

The actual distribution of the work- 
ing expenses for ftie yeaf between the 
various spending departments shows 
the followin£,pereentages : — Engineer- 
ing, 19.82 ; Locomotive, 34.62 ; Car- 
riage and Wagon, 12.12 ; Traffic, 
17.60 ; Agency, ttc., 7.79 ; Ferry, 
9.52 ; and Miscellaneous, 7.53. Under 
each of these heads fcere is again 
considerable variation as between 
companies, and this would naturally 
be expected. Take die important 
item of fuel, for Example. Whereas 



the North Western, Madras and 
Southern Mahratta, South Indian and 
Great Indian Peninsula Railways are 
seriously affected, the East Indian 
and Bengal-Nagpur Railway*, frSm 
their proximity to tl|e coalfield*, are 
advantageously situated, and this is 
reflected in the expenditure figures. 
Then, of course, there are other 
fedftures, too maTiy to be analysed, 
but it may be added thaj grades, 
Imputation, variations in wages to 
staff, distance •from potts, etc., are 
all of importance in this connection. 

A difficulty presenting in « this 
article is to deal adequately with the 
subject in the space at disposal, but 
I must not, for that reason, leave out 
the most important question as to 
how fv the money provided for 
railway purposes has actually been 
expended. From the table in the 
report, it is abundantly obvious that 
the provision has been entirely an 
illusory one. Dealing with the figures 
in crores of rupees, it is noticed that 
whereas in 1018' Iff the provision was 
4.07, expenditure was 2 ; in 101 9-20 
provision was 0.75, expenditure was 
3.50, and last year's provision was at 
the high figure of 10.75, but expendi- 
turely was merely 5.30 ! The need 
for the carrying forward of unex- 
pended money to meet next year's 
needs could not be emphasised more 
strongly, and it is to lx* hoped that 
the few arrangements will have put 
an end to this most ridiculous of 
budgeting a yearly figure and with- 
drawing it in case it is not spent 
within the year. Of the amount of # 
Rs. 5.30 crores spent last year, 
nearly one-half was devoted to re- 
newal of lolling stock, *w^iich was 
badly needed, cind the other half to 
open line works — tlTe replacement of" 
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the yeal 1019-20, and it is a striking 
connneatary u Pou the potentialities 
of the Indian railways to note that, 
during the past ten years, the earnings 
have increased by Rs. 40,84,54,000. 
or 79.80 per cent, despite the in- 
clusion of the war years and the 
hindrance to earning capacity caused 
by shortage of line*, terminal and 
rolling stock facilities. 

In the ten-year period, goods traffic 
has grown by 57.02 per cent., repre- 
senting Rs. 17, 53,07, 000, while pass- 
enger traffic has increased by 113.00 
per cent., or Rs. 21,07,81,000. From 
these figures, and from a perusal of 
figures over a longer period, as given 
in the report, it is obvious that 
passenger traffic is growing relatively 
much faster than goods traffic, and 
one can therefore well see the wisdom 
of the Acworth Committee in recom- 
mending that special attention should 
be paid to the provision of more 
adequate facilities tor passenger traffic. 
At the same time, it must be borne 
in mind that, broadly speaking, the 
goods traffic has not been given the 
same opportunity for advancement 
as the passenger traffic. Obviously, 
and necessarily, passengers receive 
preference over goods, and it is the 
latter class of traffic that has been 
most hardly hit by the serious state 
of congestion existing on so many 
lines in India, when goods traffic 
Conveyance has frequently been sus- 
pended for relatively long periods. 

Dealing further with passenger 
, traffic, it may be pointed out that, 
wherdas in 1871 the number of 
passengers carried annually was less 
than 20,000,000, the number for the 
year 1020 21 was 500,000 ,0<X). At 
the sjme time, and as is natural, the 
•receipts from goods traffic were much 


the results of the working of State- 
owned railways during the past eight 
years, each year shown separately, 
and another perhaps of greater in- 
terest detailing how the net working 
profit to Government from all luil- 
ways has been derived. Owing to 
space considerations it is impractic- 
able to reprint the tables, but it may 
be said that the return on capital* 5 
(Stale-owned railways) during the 
year 1920 21 was 4.74 per cent., this, 
representing the lowest return for 
many a long year. 

On the other hand, during the war 
the return on capital w is abnormally 
high, largely because working ex 
] reuses were curtailed owing to the 
postponement of repairs, etc*; the 
tendency towards higher working ex- 
penses naturally being intensified 
owing to this cause. In the last year 
befoie the war working expenses were 
Rs. 29.30 crores, this figure advancing 
to Rs.n54.53 crores in 1920 21, thas 
neutralising the whole of the increase 
in gross receipts, and bringing the 
net receipts below the 1913-14 level. 

In the meantime, also, the liability of 
Government in respect of interest on 
capital has risen, the net result being 
to reduce the working profit below 
the 1912-13 figure. 

Still, even with this relatively un- 
satisfactory showing for the year, the 
future is quite reasonably bright. As 
I have intimated, the legislative 
Assembly has accepted the Finance 
Committee’s recommendations for the 
expenditure of 30 crores of rupees 
annually for five years, and, almost 
simultaneously with that report, I 
notice an intimation that India is to 
raise a loan for £50, (MX), 000 for rail- 
way and irrigation purposes. Nothing, 
therefore, is more sure than that the 


worn-out rails, sleepers ai^l bridges. 

It may be added as a note #n a 
subject that cannot here be elaborated 
that the total number of railway 
employees on the Indian lines at the 
close of the year 1920-21 was 157,752, 
of which 6,901 were Europeans, 
11,69^ Anglo-Indians, and 733,152* 
Indians. It is to be emphasized 
in this connection that, fcfr the past 
ten years, the number of employees 
in the first* two classes has been 
more or less stationary, and that 
the third class has shown«progressive 
increases. • 


higher than those from passenger 
^ratfib, the icspective ]x*rcentages 
being*52.15, 44.41, and, for “ Miscel- 
laneous," 3.44. The major portion 
of the freight earnings is obtained 
from the conveyance of traffic falling 
under the head of general merchandise, 
while Voal whicX represents about 
one-fourth of the total traffic- is 
^econfj. It may be added that the, 
repoit contains an extremely in- 
structive review of the general de- 
velopment of the coal traffic in India, 
and deals also with the problems of 
distribution that have required special 
►attention. 


Railway Administration intends to 
smooth out the difficulties of rail 
transport as far as possible. The 
main requirement in India is more 
adequate transport facilities, and with 
the strong programme now being 
developed for the purchase of addi- 
tional rolling stock, the doubling of 
tracks, the improvement of terminal 
facilities, and the general remodelling 
of the railway arrangements, there is 
little need totlespair of the future. 

Extensive railway development in 
’India Is at hand, and in an early issue 
of Industrial, India I propose to 
deal more fully with this question of 


Railway Earnings 

During the year 1920-21 the gross 
earnings of the Indian Railways were 
Rs. 91,98,76,000, an increase of Rs. 
2,83,44,000, di 3.18 per cent, over 

'.o' 


Conclusion 

In Chapter VII, which is entitled 
" Financial Results," appear some 
^useful statistical tables, one showing 


development, and inchtde a review of 
the informatics on this point to 
be found within the covers of the 
most comprehensive and instructive 
report ever issued by the Railway,, 
Board. »' 
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Weighing Machines on .Railways 

.In Messrs, II. Pooley dr Son were the pioneers in designing and building 
weighing apparatus for Railway use, we have no hesitation in printing the fol- 
lowing description of their latest and most up-to-date types of weighing machinery 
for the use of Railway Companies both in India and all parts of the world, " 


G KNKRAJXY speaking, the 
business of our Railways 
is that of transport, which 
may be divided into two 
classes - the transport of 
passengers and the transport of goods. 
The former are carried at so much per 
mile per passenger, and the latter .at 
so much per mile per unit of weight. 
It is therefore necessary, witluregard 
to the latter, to have means of quickly 
and accurately ascertaining the weight 
of the goods carried. 

This point seems to have been fully 
appreciated in the early days of rail- 
ways by Messrs. II. Pooley & Son, 
who, in June, 1835, supplied to the 
Liverpool and Manchester Railway 
their first platform weighing machine. 
This type of machine has since been 
adopted by almost all the railways of 
the world. Previously, small packages 
were weighed either on equal balances 
or beam scales. This method was 
cumbersome to use, and necessarily 
involved considerable waste of time. 

hollowing speedily in the wake of 
the platform weighing machine, there 
came the road and rail weighbridges, 
fitted with steelyard and loose weights. 
Development from this time forward 
became very rapid, owing to the 
unique position Pooley *s were in with 


regard to railways, to whom they were 
the only suppliers; as they also held 
contracts with most of the existing 
railways for the upkeep of their 
weighing apparatus they were able 
to see at first-hand the requirements 
of the various departments of rail- 
ways, and quickly brought out 
inventions to meet the various 
demands, and in 1847 constructed a 
machine lor balancing locomotive 
engines, by recording the weight on 
each wliecl. One feature of this 
machine was the steelyards which 
were constructed to be used without 
loose weights, and in the Great 
Inhibition of 1851 they had the 
honour of l>eing awarded the lirst 
prize medal. 

Since that time a steelyard without 
loose weights has been universally 
adopted. The natural development^ 
was now seen to be the autouyitic 
indication of loads without any assist- 
ance from the vveighman. 

The first, indicator was in the fifrm ot 
a dial, and to-day the dial •form is 
probably the most frequently seen. 
Most of the leading railway companies 
at home and abroad have this t>ye of 
indicator in use to-day. It lias been • 
fitted to railway weighbridges up to 
30 tons. The 41 Quadrant indicators* 


is more stable and quicker than any 
other known form, the result being 
that traffic is received and despatched 
in considerably less time than 
formerly. Up to comparatively re- 
cent times, railway wagons were 
principally of the four-wheel type, 
having capacities up to 10 tons. 
To-day the majority of the wagons, 
especially abroad, are of the bogie 
type, each bogie having four Wheels, 
with capacities up to 50 or 00 tons. 

With a train composed of mixed 
traffic, that is, long and short wagons, 
the necessity for weighing these with- 
out uncoupling became of great im- 
portance. Although Pooley’s had 
previously constructed weighbridges 
up to 75 ft. this did not meet the 
case. The combined weighbridge 
was introduced, as shown by illus- 
tration No. 1. These weighbridges 
have been constructed with from 
two to four units coupled to one 
steelyard or indicating mechanism. 
f The length of each unit is carefully 
rated, so that wagons have a maxi- 
mum ®f run oi^tlie machines. 

Hither jufc or all of the units may 
be connected or disconnected instan- 
taneously at will* so that, no matter 
on which qpit of the combined bridge 
the wheels may be placed, the com- 
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bined load of the wheels may be 
accurately recorded, in spite of the 
fact that other units of the bridge may 
have loads imposed upon them . There 
is no practical limit to the number of 
units that may be employed. • The 
simplicity of the Poole? compensating 
device enables the numfl^r of units to 
be extended indefinitely. 

it number of railway weighbridges 
have been fitted with the automatic 
“ Quadrant " indicator, the greater 
part -of which have been ?ent abroad, 
testifying to the foresight and up-to- 
dateness of the Indian engineers. *fliis 
indication is shown in illustration 
No. 2. 

The weighbridge in use on railways 
is not confined to railway wagon 
machine^. Road weighbridges must, 
of necessity, be put down to weigh 
the road traffic to and from the rail- 
way goods sheds. The introduction 
of road traction has necessitated the 
re-designing of the road weighbridge. 
Whereas previously the loads to be 
weighed were conveyed in either two- 
wheeled carts or bullock wagons of a 
total weight of from live to six tons, 
the motor lorry imposes a load of 
from ten to fifteen tons, with a wheel 
base of approximately l(> ft. 

The road weighbridges 
structed in standard sizes up to 
20 ft. by 0 ft. wide, with capacities 
up to 20 tons. The structure carry- 
ing the platform consists of main 
beams and cross beams, giving ade- 
quate support throughout the whole 
of the surface. These weighbridges 
may be fitted with cither the Pooley* 
“ Unique ” steelyard, with no loose 
weights, or . with t^e automatic 
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“Quadrant” indicator. The prin-1 

cipal Pftme railways have adopted* 
the ” Quadrant ™ indicator for road 
w?ighbridges, two units generally 
being supplied, with the weigh office 
between the platforms. One clerk 
can readily cope with both inward 
and outward traffic. This arrange- 
ment, which is shown in illustration 
No. 3, has proved very successful. 

The position of weighing machines 
generally is of vital importance ; for 
instance, truck weighbridges should 
always be fixed in straight, level 
roads, and, as far as possible, in a 
special weighing road, not, as is the 
usual practice in Kngland, in the 
road over which most of the shunting 
takes place. If this is unavoidable, 
then a machine with two roads 
should be adopted, one being the 
“ live ” or weighing road, and the 
other the “ dead ” or shunting road, 
and the lever controlling the points 
should be placed in the weighing- 
house, so that the weighman is re- 
sponsible for all traffic which passes 
over the live road. 

Again, with truck machines the 
fact is often overlooked that while it 
is not necessary to provide a machine 
for weighing engines, an engine is to- 
day usually employed for hauling the 
traffic to be weighed, therefore it is 
necessary to provide a machine of 
sufficient strength to carry the engine. 
There is, in this connection, a theory 
width is occasionally put into prac 
tice, sometimes with serious conse 
quential damage, and that is, that if 
a weighbridge is fitted with relieving 
gear tt«is safe to pass any kind of 
weight over when the machine is out 



of gear, but this is quite wrong. The 
idea of relieving apparatus was to 
take the strain and wear off the lever 
knife edges when it was desired to 
run traffic over which did not require 
to be weighed, but, with the exception 
of machines which have been specially 
built to carry a heavier load out of 
gear than in gear, the relieving of Jhe # 
machine does not in any way increase 
its carrying capacity. The old stand- 
ard truck machine was 20 tons' 
strength. The standard adopted by 
most Indian railways to-day is 80- 
100 tons. 

In the older types yf machines it 
was customary to provide relieving 
gear ; to-day it i$ never fitted, as 
experience lias shown that ft the 
relieving apparatus is used, it does 
quite as much, or more, harm to the 
knife edges, to be constantly putting 
in and out of gear, as to allow the 
loads to roll over with the knife edges 
in gear. 

The position of the cart or road 
wagon weighbridge is also a very im- 
portant point, and care should be 
taken to fix them in a level road, or 
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at the top of an incline, rather than 
at the bottom, where they become 
a cesspit for all the mud and water 
from the surrounding roadway. It is 
also advisable to fix them in such a 
position that traffic not requiring to be 
weighed can pass along the side of 
the machine, but if a full-width road- 
# wt^y cannot be provided, let all the 
traffic pass directly over the machine, 
rather than half on and half off. A 
kerb (granite or length of rail) along 
the off side of a cart machine is a 
most useful addition, since it com- 
pels the traffic to pass straight on and 


the best position, with the pillar and 
steelyard as close as possibfc to the 
crane, and not place?! in the way of 
the general run of the traffic up a?id 
down the shed, or where the crane 
hook just swings round and knocks 
the pillar off with a piano case or the 
like. 

The pits of these machines should 
also receive careful attention, and if 
the floor of the shed is concrete, as 
seems to be becoming fairly general 
in new sheds, then small ventilating 
grids should be fixed at either side 
of the machine, to enable a current 


cate instrument, and not a portion 
of the counter or floor upon which it 
may happen at the moment to be in 
use. A dial parcels’ machine must be 
pfaced* in a level position, and it 
should have cgily one position. A 
very good plait is to let it have its own 
particular st^hd ; if it must be moved 
about, then let the stand be on 
wheels, converting it into a s&all 
trolley. A very useful alternative 
type, manufactufed by Pooleys, is 
also illustrated (No. This machine 
has the weighing platform over the 
top *>f the dial, and the machine can 



off the machine. There is nothing so 
detrimental to the accuracy of a cart 
weighbridge as running across the 
comers or turning the load when on 
the machine. # 

Particular care should be taken to 
see that the pits are well drained, aiuV 
the surface of the roadway all round 
the machine should be paved with 
setts. 

The position of platform machines 
fixed in goods decks is well worthy of 
the careful attention of the traffic 
department, as well as the engineer. 
The front edge of the deck is perhaps 


of air to pass through and prevent 
sweating. This point also applies to 
machines fixed on passenger plat- 
forms. • • 

Perhaps the department wlach 
suffers most in improper positioning, 
and consequent abuse, is the busy 
parcels' office, where large quantities 
of small parcels are weighed ovei; 
spring dial machines. Improvements 
have certainly been made in this 
direction in some of the largest 
depots, but there does not appear to 
be any real recognition of the fact 
that a dial machine is a very deli- 


be inserted into the parcels’ receiving 
counter, so that the weighing plat- 
form forms f^tually part of the 
counter. 'fh e parcels are then merely 
pushed along on to the weighing plat- 
form witlibfit the necessity of lifting. 

The railway companies abroad are 
in the fortunate position of having 
the benefit of Ae accumulated ex- 
perience at home. T!^ conditions are 
somewhat different, due to the open- 
ing up of new country. There are 
generally long stretches of open 
country, making # it possible to utilise 
large capacity wagon* This, in its 
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turn, generally entails long weigh- 
bridges, or weighbridges of the unit 
type. 

Another point to be considered is 
the fact that in a good many eases 


native labour is employed. It is* 
there^pre, desirable to have all indi- 
cating mechanism of the simplest 
♦form, and of such construction that 
it is not readily deranged ; in fact, it 
should be made as fool-proof as 
possible. 

The “ Quadrant " indicator is emi- 
nently suitable where automatic indi- 
cations are desired. Its construction 
is simplicity itself. There are no gears, 
bands, or rotating spindles of any 
description. The maintenance cost 
is very low, and the accuracy life of 
the indicator is very great. Where 
no loose weight steelyard is preferred, 
the “ Unique " type is to be recom- 
mended. The notches are cut in a 
hard steel bar adequately supported 
by, and secured to, the main steel- 


yard. The weighbridge proper, levers, 
beams, platform, etc., is well de- 
signed, the accumulated experience 
of nearly 100 years being employed 
to produce the most efficieut and 
up-to-date result. 

Wagon weighbridges for abroad 
have to be made in various gauges 
rails from 2 ft. to 5 ft. 0 in., aljg) tjje 
indicating apparatus has to be gradu- 
ated to suit the country for which the 
machine is destined. In mauy cases 
steelyards and indicators have two 
graduations, such as metric and 
avoirdupois, Chinese and metric, In- 
dian and avoirdupois, and so on. 
In the Pooley “ Quadrant " indicator, 
with two graduations, the indications 
in both denominations are* viewed 
simultaneously at eye level. 


Modern Pendencies in Locomotive Design 


Professor Caruicr, of Liege Uni- 
versity, gave at the recent Institute 
of Transport meeting in London, a 
very interesting review of modern 
tendencies in locomotive design, 
especially on the continental railways. 

The idea of using a condensing 
steam tuibiue for locomotives instead 
of the ordinary reciprocating non-^ 
condensing steam engine is being^ 
developed in various countries, 
anc^, as is well-known, the British 
“ Ramsay " locomotive constructed 
on these lines is now undergoing trialfc. 
In Germany, Krupps have now also 
built a similar locomotive 'with a 
“ Zoelly ” condensing stc^m turbine, 
whilst in Switzerland, A. G. Ksehej- 
Wyss of Zurich, and the Locomotio* 
Masehinenfabrik of Winterthur, are 
experimenting *on the same lim.%. In- • 
the Swiss designs there; are two 
turbines, one for moving ahead and , 
one for backward movement, arranged 


on a common shaft, the surface con- 
denser being fixed underneath the 
boiler behind the turbine. 

In Norway a similar type of loco- 
motive using the “ Ljungstrom " 
turbine is being constructed, and the 
Company Offieine Meccaniche in Italy 
is engaged on the same problem. 

The famous Cockerill firm of Liege, 
in Belgium, are also designing a con- 
densing locomotive, but with the use 
of the ordinary reciprocating engine. 

The “ Diesel ” locomotive continues 
to attract much attention, and 
ennf neons developments are pending 
in this direction. Sulzcr Bros., in 
.Switzerland, may lx* said to be the 
piopeers, and they have had experi- 
mental “ Diesel " [locomotives run- 
ning since before the War. 

They are now constructing an 
improved type based on this long 
experience. The “ Diesel " engine 
used is of the four cylinder type, with 


a development of 10,000 H.P. at 
300 revs, per minute The pistons of 
the engines are connected with a 
crank axle, which is linked at each 
end by connecting rods and winches 
to the two driving axles. The frame 
is supported by two bogies, one at 
each end, and between them are 
four driving wheels, the total weight 
of the engine being 05 tons. 

In America, on the Minneapolis, 
St. Paul, Rochester and Dubuque 
Railway, experimental trials are being 
made with a combined “ Diesel " 
engine and electric drive locomotive. 
This has two eight cylinder 175 
B.H.P. “Diesel" engines direct 
coupled to two 000 volt, compound 
wound electric generators 

Other experimental “ Diesel " or 
similar type of internal combustion 
engines are the “ Pieper " in Belgium 
and France, and the “Strang" and 
the “ Westinghouse "in America. 
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Fndirfn Locomotive and Rolling Stock 


On the baSis of the Railway Board's 
estimate of minimum capital require- 
ments, the Railway Finance Com- 
mittee have recommended an ex- 
penditure programme of 150 crores* 
for the nex£ five years. According 
to i Bombay message, two- thirds of 
this large sugi is to be spent on loco- 
motives and rolling stodc, and it is 
computed that the number of lop>- 


Inotives required by the Indian rail- 
ways during the next five years 
over 2,000, the allocation between the 
various companies being shown below : 

East Indian Railway 760 

Great Indian Peninsula Railway 314 
Bombay, Baroda, and Central 

Indian Railway 165 

Bengal Nagpur Railway ... 160 

North Western Railway ... 150 

Madras and Southern Mahratta 

Railway 140 


Requirements 


South Indian Railway 195 

Oudh and Rohilkhund Railway ... 81 

Eastern Bengal Railway ... 73 

Assam-Bengal Railway ... 43 

Burma Railways 67 


* 2,168 
The number of passenger cars and 
freight vehicles required during the 
next five years is 6,750, and 55,556 
respectively, these being allocated 
fairly regularly over the fiv% years. * 




Aerial Ropeways 

f 
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I his, the concluding paper of a series of articles on Aerial Aope- 
ways , deals with some typical installations in India and the Far East . 


I N tlie short series of articles — of 
which tills is the last — it would 
obviously be impossible to deal 
on a really adequate basis with 
the numerous ropeway in- 
f stallations operating satisfactorily 
and economically at many and 
diverse Jocations. It Is hoped, how- 
ever, that sufficient has been said 
to demonstrate the exceeding utility 
of this flexible transport medium, 

• and to prove that the ropeway has 
strong claims for consideration as 
a labour-aiding device no less than 
a means of transport where others 
are lacking. 

The first article in this series dealt 
generally with alternative systems of 


ropeways, the second described an 
extensive installation functioning as 
a railway extension, the third referred 
briefly to the utility of ropeways for 
tlie handling of iron-ore, coke and 
refuse at works in Great Britain, and 
it is now the intention to develop 
the subject by reference to typical 
installations in India and the Far 
Hast. For the information on which 
this article is based we are principally 
indebted to Messrs. George Cradock 
& Company limited, Wakefield, and 
Messrs. Ropeways Limited, Eldon 
Street House, London, E.C.2, by 
whose courtesy we are also able to 
reproduce illustrations depicting the 
ropeways described. 


The Piomong'Tea Shoot 
and Ropeway 

An interesfing ropeway now. 
operating with satisfaction is that 
provide! for the Darjeeling Tea and 
Chinchona Association, at the Nam- 
ring Division. Originally the tea-leaf 
was transported laboriously by pack 
ponies, the journey occupying two 
or more hours in bad weather, and as 
the necessity for an improved system ’ 
became imperative, Messrs. George 
Cradock & Company Limited, through 
their Calcutta Agents, were giveu an 
order to supply and erect a complete 
plant. 

As at all other locations the first 
thing to be done was to survey the 
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site, and ascertain the best course to 
pursue. Owing to the peculiar 
formation of the ground surface, the 
location of a ropeway direct from the 
loading point to the factory was 
considered too costly, and as there 
were upper and lower gardens with 
the factory roughly 65 ft. below the 
level of the upper loading point and 
640 ft. above the lower loading point 
— the provision of a shoot between 
upper and lower gardens and a rope- 
way from the latter to the factory 
was finally decided upon. Tins 
course had the double advantage of 
effecting economy in connection with 


the . installation by • reason of the 
Shortening of the ropeways, and also 
of piovidisg easy communication 
between the lower gardens and the 
factory — a scheme not in the original 
proposal. 

The shoot which has been provided 
consists of a rope of high tensile 
steel, the carrier^ employed for the 
purpose of transit weighing under 
3 lbs. each, and moving direct from 
the higher to the lower gardens by 
gravity. The shoot had a clear span 
of about 4,280 feet and passes over 


extremely broken ground to within a 
few feet of the ropeway loading 
terminal, located about 1,980 feet 
from the factory and some 640 feet 
lower. 

The upper end of the shoot strand 
passes over a trestle to a fixed ground 
anchorage, while the lower end is 
attached to a heavy suspended weight 
designed to keep the tension auto- 
matically constant. The time taken 
for a load, usually weighing about 
100 lbs., to run down the shoot is 
about 1$ minutes, and owing to the 




rtxrt crip i|pt 


u 


lorm of the curve taken by the shoot 
strand the loads come to rest just 
before reaching the terminal. The 
plant has a carrying capacity of 100 
loads per hour, each load being 
roughly 100 lbs. 

The system of ropeway adopted is 
the fixed dip single endless rope type, 
the line being about 1,980 ft. long 
with a rise irom the lower gardens to 
the factory of 640 ft. It is driven by 
a belt from a pulley on the factory 
shaft, and is of a type which ex- 
perience has shown to be espedally 
suitable for work on tea estates, 
where only native labour is avail- 
able. A •steel rope spliced endless 
takes a half turn on each of the 8 ft. 
diameter pulleys, and is supported by 
pulleys on trestles between terminals, 
The lower teiminal pulley is arranged 
so that its position ian be adjusted to 
give the required tope tension. 

The^ driving gear at the upper end 
is of simple arrangement. A belt 
from the factory shaft drives a pulley 
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on an overhead hori- 
zontal shaft through 
l)evel gear and acts 
direct on the terminal 
pulley. A brake oper- 
ated by means of a 
convenient handwheel 
is provided on the 
overhead shaft in 
order to prevent run- 
ways in the remote 
contingency of an 
accident to the driv- 
ing belt. 

In regular operation 
the rope moves con- 
tinuously at a speed 
of from to 3 miles 
per hour, jnd the car- 
riers — provided with 
hooks for the facile 
attachment and de- 
tachment of loads 
are spaced at equal 
distances along the 
rope by means of clips 
or grippers j designed 
smoothly to pass over 
the trestle pulleys and 
round the terminal 



pulleys. The carriers can be loaded 
and unloaded without difficulty after 
a little practice. 

The wire rope gravity shoot and 
aerial ropeways were erected in 11)17, 
and the manager of the Namring 
factory states that after three years 
experience he is able definitely to 
show that the cost of transporting 
the tea-leaf and firewood is only 
about one-tenth of what it formerly 
cost, to say nothing of the saving in 
the wear and tear of the roads over 
which the pack-ponies were wont 
laboriously to travel. Additionally 
the transport time, which was approx- 
imately two hours per journey under 
the old conditions is now reduced to 
twelve minutes. The whole plant is 
working exceedingly well, and giving 
entire satisfaction. 


The Mahanadi Dam Ropeway 

It is not, however, merely in the 
transport of light material that the 
aerial ropeway finds a useful place. 
As we have previously described, 
relatively heavy traffic may con- 
veniently be moved by this medium, 
while at many locations light aerial # 
ropeways have been erected for the 
transfer of passengers and repair 
materials from place to place. One 
such has been provided in conne^jtign 
with the dam on the River Mahanadi 
at Raipur, in the Central provinces 
of India, where the ropeway is some 
1,500 feet long, the galvanised carry- 
ing rope being 1 1 in. diameter and the 
hauling rope $ in. diameter. • 

The heavy carrying rope is attached 
to a ground anchorage at one end > * 


and passes through tile steel trestles 
to the other end of the line, where 
it is attached to a tension weight, 
the rope being supported on roller 
saddles so that the carriage may pass 
freely through the trestles. The 
kmling rope is arranged to take one 
or two turns round the hollow rim 
drum of a hand winch on the carriage, 
which is of light steelwork constructipn 
suspended from two grooved wheels 
travelling on the carrying rope. The 
carriage accommodates four men, 
besides tlfe wii^h# which is of simple 
construction# consisting of a narrrow 
driyn with hollow ym take the 
hSuling rope. It may be added that 
the passenger* may propel themselves 
fo and^fro along the rbpeway, and 
where desired the carriage may be 
permitted to run by gravity when 
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travelling down the rope sag towards 
the middle of the spans. 

In the case of a similar ropewa> # 
constructed a few years ^go for the 
Jelum River I)^m in th# Punjab, 
the ropeway is over 4,000 ft. long, 
with only seven intermediate supports. 

The H^rdwar Cableway 

Cableways jJifTer fr<*m ropeways 
essentially in the ^fact that they 
merely comprise a single span between 
end towers, and are used in preference 
to the latter where considerable 
difficulty presents in the erection of 
intermediate supports. One such 
cableway crosses a portion of the 
River Ganges, near the town of 
Haidwar. It is designed to raise a 
load of 24 tons from any point in a 
span of 1,400 feet at a speed of 120 
ft. per minute, and to carry it along 
at a speed of 3G0 ft. per minute, and 
al*j,o to deposit the load at any 
desired point. The end towers are 
72 ft. high and are rigid on their own 
bases without the aid of stay ropes. 
The hoisting and hauling machinery 
are arranged lor electric drive, and 
all the operations are in charge of one 
native attendant. 

While there arc many small 
differences in the installation of such 
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a cableway, as compared with the 
equipment of an aerial ropeway, it 
is hardly necessary to describe them 
in detail, as the requirements will 
naturally vary according to the 
specific locations and conditions. 
Suffice it then to say that experts in 
the construction of ropeways, cable- 
ways, etc. are willing at all times to 
give the benefit of their wide 


experience to those desiring informa- 
tion on the subject, and that given 
reliable particulars of transporting 
length, contour of ground, capacity 
required, and other necessary details, 
they can advise one or other of the 
many systems that will prove # of 
greatest advantage in th<^ f^veti 
circumstances. 

Other Ropeways in India 
and the East 

In No. II. of this series I described 
the Dorada Extension Ropeway, # 
designed and installed by Messrs. 
Ropeways, Limited, who have also 
done considerable work iujndia and 
the Hast. Among the larger plants 
erected by this firm in India are those 
at Kashmir, Mussoorio, Nepal, Dehra 
Ihm and Nnnital, while they have 
supplied a hi cable installation at 
Manharpur for the Bengal Iron and 
Steel Company, together with plants 
in Japan, Australia and elsewhere. 

At a later date it may be found 
desirable to give additional informa- 
tion regarding these and other 
ropeways, but considerations of space 
prevent any further elaboration at 
present. A few words might, however, 
he said in conclusion as to the 
necessity for expert consideration of 
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the transport problems that might be 
solved by means of ropeway installa- 
tions. As the manufacturers well say, 
it is only by expert advice that every 
problem of design and working can 
be solved in the best way. 

The usual particulars required before 
aif ^stynate can be formulated are 
set out in detail below, these naturally 
varying to some extent in accordance 
with the needs • 

What is the length of the proposed line ? 

How many tons have to be transported 
per working hour ? 

Wnat is the nature and weight per cubic 
foot of the material in the state in 
which It would be carried ? 

Have individual loads to Ik* kept at 
definite weight, or can they l>e arranged 
to suit capacity of line ? 

What is the character, Hat, hilly or 
mountainous, of the ground to be 
traversed ? 

If railways, roads or rivers arc crossed, 
give width and necessary clearance 
required. 
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Can proposed ropeway be taken ip a 
straight line from terminal to terminal ? 

Is the mean grade in favour of or against 
the loads ? What is the approximate 
difference in height between terminals ? 

If loads are to be conveyed in both 
directions, give quantity each way. 

State whether power is available, and 
what form. • 


What are the exact terminal require- 
ments in connection with loading and 
unloading ? 


The submission of information of 
this character to either of the firms 
mentioned in this article, or to those 
previously mentioned, would enable 
approximate estimates to be made for 
ropeway installations, but if definite 
tenders were desired, it would 
additionally be necessary for a section 
of the ground over which the line 
would pass to be submitted. 

It is only within comparatively 
recent years that ropeways have gone 
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ahead, but the great needs of the 
future, the vital fact that labour 
^osts in all parts of the world are now 
far too high for manual labour to be 
permittee? to perform functions that 
can more cheaplv *be done by other 
means, and the itrcreasitig recognition 
of the utility of rof^ways would 
appear clearly to indicate that the 
use of ropt^vays is* yet relatively 
small. Within the next few years, 
we belieye that many more plants 
will be installed, for both within the 
boundaries of industrial establish- 
ments, where there is a considerable 
amount of internal transport, and 
in the wider spheres of undeveloped 
territory, there is tremendous scope 
for the ropeway, which has abun- 
dantly proved its claim to be a 
remarkably cheap and flexible trans- 
port medium. 


Questions 


and Answers 


The Editors will be pleased to render any assistance possible 
to their readers in solving mechanical nr technical problems . 


QUESTION . 

To the Editor , “ Industrial India/' 

Dear Sir, 

We have been in receipt of the two 
numbers of Industrial India, and 
say that the journal is admirable in 
all respects and deals with the sub- 
jects of industrial development in 
this country in a very comprehensive 
manner. 

We propose to start a concern for 
making knives, scissors, forks, spoons 
etc,, etc., i. e . , Cutlery business at 
Meerut. Will you kindly introduce 
us to any firm in India, or abroad 
where we can get necessary' machinery 
and other equipments and a rough 
plan to enable us to draft out the 
proposals into a working shape. 

A detailed reply will oblige, 

Yours faithfully, 

THE HINDI SAHITYA LTD. 

ANSWER. 

Dear Sir, 

Replying to your enquiry addressed 
to our Bombay Office, regarding the 
sturting up of a concern for making 
knives, scissors, forks, spoons, etc., in 
which you ask us to introduce you to 


firms who supply the necessary 
machinery for the manufacture of 
such articles, we have pleasure in 
giving you herewith the names and 
addresses of such firms, and in nrder 
to save time, we are sending von 
under separate cover, catalogues, etc., 
which these firms have kindly supplied 
and which you will find give very full 
details regarding the necessary 
machines for your purpose. Wc are 
also sending you estimates of coSt, 
which the firms referred to have' 
supplied. 

After you have perused this in- 
formation you will doubtless be in a 
position to know more definitely 
what your requirements are likely to 
be,* when we would suggest that you 
get into direct touch with the makers 
of the machinery, as shown in the 
ontalogues which we have supplied. 

The follofcdng are the firms who 
Jiave sent ulr particulars of the 
necessary machinery for meeting 
your requirements : Messrs. J. Rhodes 
& Sons, Ltd., Grove Iron Works, 
Wakefield ; Messrs. Taylor Si Challen 
Ltd., Derwent Works, Birmingham. 

Yours faithfully, 

Editor " Industrial India," 
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QUESTION. 

Editor, li Industrial India." 

Sir, 

1 shall be highly obliged if you will 
be kind enough to, publish your reply 
to my queries on the following 
industrial subject in the next issue of 
yf)flr valuable magazine. Subject : 

Manufacture of woodscrews and wire 
nails vP India. . 

Upon inquiry from the Director of 

* industries, Bombay, I have come to 
know that there is not a siflgle factory 
ki India, which manufactures either 
wqod screws or wire nails, and as we 
know these manufactures are im- 
ported in large quantities from foreign 
^nintries, natnely •America, Japan. 
Germatty, United Kingdom, etc., so 

• I want to kijpw whether it will be 
possible to manufacture in India, 
wood screws and wire nails of the same 
quality as imported *at present, con- 
sidering the present state of industrial’ 
affairs and also our dependence on 
foreign countries for raw materials, 
viz. : Basic Screw Wire, which too is 
not manufactured at preset in India^ 

If your reply be i» the affirmative, 
in wbpt way will you be aide to help 
me, or whom should I approach 


for help and guidance in gathering 
various kinds of information that will 
enable me to prepare a statement of 
required capital and the net profits 
accruing out of the same ? • t 

No doubt I hate gathered some 
information from qifferent sources, 
which assure me of the possibility of 
%uch manufactures in India, but to 
doubly assure myself I have ventured 
to take your expert advfee which I 
hope you will gladly give and oblige 
a humble reader of your valuable 
magazine. 

Lastly, I request that you will 
favour me with all kinds of informa- 
tion which are in your opinion 
necessary for me to be aware of, so 
as to enable me to materialise this 
idea mid to put it into practice. 

Thanking you in anticipation, 

I remain, Sir, 

Yours truly, 

. “ SCREW INDUSTRY." 

ANSWER. 

Dear Sir, 

Replying to your enquiry addressed 
to our Bombay Office, in which you 
ask for particulars regarding 
machinery for the manufacture of 
Wood Screws and Wire Nails in India, 
we now have pleasure in supplying 
the information required and regret 
the delay in answering your letter,# 
owing to the difficulty of finding the 
manufacturers of this somewhat 
speqial plant. 

We do not know why these articles 
should not be manufactured in Induf, 
and it would appear a most suitable 
branch of industry ftr development. 

We are sending you undfcr separate 
cover in ordeAo sa*e time, particular* • 
which we have collected from three 
different manufacturers, *whicl^ you 
will find gives Very full information 
regarding the manufacture both of 
Wood Screws and Wire Nails, in- 
cluding a quotation for the different 
machines which are necessary for 
the complete process and for plants 
of different outputs. 

The information we $re sending 
you will ddubtless enable yqp to 
formulate the definite requirements for 
a specific factory, when* we would 
suggest that you get into direct touch 
with the firms mentioned below, who 
would be very pleased to give you 
the fullest information regarding the 
starting up of the plant which you 
anticipate. 

The followjpg are the firms who 
have supplied the above information 
referred to : Messrs* Vernon Proctor & 
Co., Foster's Buildings, 22 High 


Street, Sheffield ; Messrs. Greenwood 
& Batley, •Ltd., Albion Works, 

« Leeds ; Messrs. William Grice & 
Sons, Ltd., Fazeley Street, Birming- 
ham. 

Yours faithfully, 

Editor, " Industrial India.” 

QUESTION . 

Chamha State, 

The Editor, “ Industrial India." 

Sir, 

I shall feel obliged by your kindly 
supplying me with the following 
information at an early convenience. 

I want to start a small Oil Mill to 
work mustard seed. The available 
quantity of seed per annum is between 
100 and 150 tons. 

I want to know what plant I shall 
require to work this quantity, and 
what will be its cost and what 
quantity of power will be required 
to work the plant. I intend to use 
either water power or electric drive. 
This is an isolated place in the hills. 
We cannot import seed from other 
places nor can we carry it to other 
centres. Our mustard is very superior 
to that of the plains. It gives best 
oil. Is Anglo American system best 
of all ? 

I shall also require to clean and 
bleach the oil. What plant will be 
‘ required for this purpose ? 

i shall be grateful by your supply- 
ing me with an idea of the cost and 
kind of machinery I require. 

The last 40 miles of the journey 
front tiie railway terminus Ls through 
hill tracts, allowing the use of mules 
and men only, so the machinery is 
to be as portable as possible. 

Yours faithfully, 

• (Signed) GOPUL SINGH. 

• vSupt. of Works, 

Chamba State, 

• # Punjab, India. 

* ANSWER. 

Dear %Sir, • 

Replying to your letter addressed 
to o^r Bombay Office, in which yoy 
# ask us to supply you with information 
aegarding a small oil mill to work 
mustard seed, we now have pleasure # 
in sending you details of plaint together 
with particulars and also illustrations 
which have been supplied to us by 
Messrs. Manlove, Alliott & Co. Ltd., 
Engineers, Nottingham. 

Mustard Seed is best dealt with in 
Anglo American Presses, and assum- 
ing 300 working days per year, the 
small self-contained “ Asian ” Oil 
Mill of the Anglo American Type, 


illustrated in circular 815, having a 
capacity of 10 cwts. of seed per day 
of 11 hours, would be exactly ip 
accordance with your requirements. 

This small mill is constructed in 
order to give results equal to those 
obtained by the largest and most 
powerful mills, and can readjly j)e 
driven by an electric motor, or in case 
of necessity by bullock or pony gear. 

There should not be any difficulty 
in transporting the mill in parts, by 
means of mules, but would have to be 
specially packed to suit these con- 
ditions. 

The makers suggestion would be 
to put down a small mill with two 
presses. This would allow *of con- 
tinuous working and in addition be 
easier of transport. 

The present price for this in- 
stallation, packed for shipment and 
delivered F.O.B. British Port is 
£6 06 10s. (Six hundred and six 
pounds ten shillings.) 

The oil would require to lx* filtered, 
for which purpose the makers suggest 
the smallest size Filter Press, or 
alternatively, in the case of such a 
small mill tliis might be done by 
means of gravity, or a Bag Filter, 
that is to say the oil passed through 
bags made of Filter Cloth and allowed 
to filter by gravity. 

The resulting oil after filtration 
should be quite satisfactory for 
ordinary use, but if a medicinal 
quality oil is required, it might be 
found an advantage to bleach and 
refine. The makers do not think 
the quantity available would -warrant 
the expense incurred in providing a 
complete refinery ; and doubtless 
you would be able to obtain satis- 
factory results by means of small 
tanks fitted with heating coils, 
agitation being given to the volume 
of oil by means of wood stirrers 
hand operated. 

The F.F.A.’s, would be removed by 
caustic soda solution, added whilst 
the oil was in a state of agitation. 
After this has been done the oil 
would be allowed to settle and drain 
off into a smaller vessel fitted with a 
heating coil, where it would be mixed 
for 10 to 18 minutes, with five per 
cent, of Fullers Earth, or five per 
cent, of Mixed Fullers Earth and 
Animal Charcoal, in equal quantities, 
after which it could be passed through 
the filter press above referred to, the 
oil being kept in a state of agitation 
until the completion of the filtering 
operatiofi. 

The approximate cost of the two 
tanks fitted with coils, woulcfoe about 
£40 (Forty pound%) 
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A mechanical refinery fitted with 
mechanical agitators, and consisting 
of neutralising vessel, bleaching and 
washing vessels, together with blower 
for the purjHwe of agitating air, 
would cost approximately £200. (Two 
^hundred pounds.) 

Oil Milt would require about 
0 to 10 H P. for driving, whilst the 
Kilter Press Pump would require 
about 1 H.P. 

It is assumed that steam would be 
available for heating the meal in the 
kettle, but if not this would have to 
be specially constructed to allow of 
fire being used. 

Should you require any further 
details regarding the plant proposed 
and you will get into direct touch 
with the makers, they wilt be very 
pleased to give you any further 
details which you may require. 

Yours faithfully, 

Kditor, " Industrial India." 


THE GRAMPIANS WATER 
POWER SCHEME 

Thk Hill for the Grampians Whiter 
Power Scheme in the Highlands of 
Scotland, promoted by the Hydro- 
Electric Development Company, has 
just (May 23rd) been passed by the 
House of Commons. The area in- 
volved in this scheme is over 400 
square miles in the north of Perth- 
shire and the south of Inverness-shire, 
and will involve the development of 
about 56,000 H.P. When com- 
pleted a further scheme will then be 
proceeded with, covering the whole 
valley of the River Tay. The essential 
portion of the present scheme is the 
building of dams at each end of Loch 
Kricht. At present this loch is about 
16 miles long and very narrow, only 
l mile at its widest part, and the 
outlet is the River Kricht, which 
runs by a steep descent of about 5 
miles into Loch Rannoch, about 
miles long and J mile wide. The 
dams at Loch Kricht, one of which 
will be 35 feet high and the other 50 
feet, will raise the level of this loch 
by about 40 feet, so that the storage 
capacity will then be 86,000,000,000 
gallons. It is proposed also to erect 
a small dam at one end of Loch * 
Rannoch, and raise the level about 

4 feet, so that the storage capacity 
will be 10,000,000,000 gallons, whilst 

5 miles lower doiyn from Loch 
Rannoch, another dam will form a 
reservoir on the River Tumfnel, with 

..a capacity of 450,000,000 gallons. 

The Water head at the Ericht 
power station is 450 feet, and the 


c 

power generated will be 16,000 I. H.P. 
continuous. The Rahnoch power 
house will have a normal output oft. 
about 14,000 H.P. although in times 
of flood 28, 000 H.P. will be available. 
Other portions of the scheme are the 
construction of a tunnel to connect 
Loch Kricht with Loch Garry, and the 
raising of the level by dams of two 
small Lochs, Am Duin, and An-T- 
Seiliea, and the connection of the 
latter with Loch Cuaich. When this 
is completed the Ericht power house 
will be increased to 26,900 H.P. 
The remaining portion of the scheme 
is the utilisation of another Loch, 
M ha ire, the power station of which 
with a head of 650 feet will generate 
4,200 H.P., whilst the fourth station 
on Loch Garry, with a head of 870 
feet, will give about 7,500 II P. The 
current generated is to be 3-phase at 
6,600 volts, and for transmission 
purposes 100, (XX) volts will be used 
with overhead wires. It is expected 
to supply both the Glasgow and 
Dundee areas, each of which are 
about 70 miles away. 


A RECORDING METER 

Information is just to hand from 
America of the invention of an 
electrical apparatus, which gives a 
continuous record of the acidity, or* 
alkalinity of boiler-feed water. TJiis 
invention is the work of Robert C. 
Arthur of the Public Service 
Electricity Company, Perth Amboy 
Electricity Station (New Jersey, 
U.S.A.), and Karl A. # Keller, the 
Research Engineer of the Leeds and 
Northrup Company of America, and 
was devised to get over the sefious 
corrosion due to acid feed water on 
the Perth Amboy plant. The ideal, 
conditions for boiler-feed water ure a 
very slight permanent alkalinity. TJie 
serious results of acid feed -water do* 
not require to be emphasised, but 
excess alkali is also objectionable * 
because, after the hpse of ve?rs, it 
tends to make the boiler plates 
brittle, to dissolve the zinc in the 
gunmetal fittings, and to cause the* 
water in the boiler to froth and Vo 
increase the priming action. 

There t are two general methods 
available fjj the determination of 
alkalinity. The first is the usual 
titration of a sample of the water 
with a very weak standard acid 
solution, using the ordinary indicators 
such as litmus, methyl orange, or 
phenolphthalein. This is quite im- 
practical for continuous testing, 
because of the time wasted in taking 


the samples and carrying out the 
determination. 

The second method is an electrical 
one in which two electrodes are 
immersed in a snjall bye-passed flow 
of the water, and^a recording potentio- 
meter used to rfcord the resistance to 
the passage of a current between the 
electrodes. The apparatus is arranged 
on the principle of the Wheatstone 
bridge, thUt is, the current is split 
up into two paths, one through the 
boiler-feed water, and the other 
through a very fine standardised and 
graduated resistance coil. These 
paths are connected by a sensitive 
galvanometer in the centre, and the 
standard resistance is provided with 
a sliding key, so that it can be altered 
at will. When the current flowing in 
the two arms is equal, that is the 
resistance in the boiler- feed water 
circuit is the same as that in the 
standard coil adjusted by the sliding 
pointer, there is no deflection of the 
galvanometer needle. As soon as one 
current is different to the other, the 
needle moves, and the sliding pointer 
is adjusted to alter the resistance 
until there is no movement of the 
galvanometer finger. This sliding 
pointer moves over a graduated 
scale which indicates the resistance at 
once, which is also that in the boiler- 
feed water, and this resistance is 
proportional to the amount of 
alkalinity, or acidity in the water. 
The construction of the cell containing 
the boiler-feed water is most ingenious 
and unusual. One of the electrodes 
fs hydrogen gas and the other calomel, 
both bging in porous pots. A hydrogen 
cylinder hohling 100 cubic feet of 
gas is ustd, and the ^gas is slowly 
• bubbled round u platinum gauze 
disc. The calomel electrode is so 
arranged t*hat the porous pot has 
maintained in it a coastant circulation 
of 0.75 pef cent, solution of potassium 
chloride, so that the feed water does 
not diffuse into the electrode. The 
feed water flowing through the cell is 
filtered, so that the platinum gauze 
hydrogen electrode is not affected, 
this being jnsert^l in the side of the 
porous pot. The relationship between 
the alkalinity of the boiler-feed water 
and the voRajje is shown in a series of 
curves, and it is a particular advantage 
of this method, that the greatest 
sensitiveness is shown round the 
neutral point, and Jhe meter is 
extraordinarily sensitive to small 
changes in acidity or alkalinity. Thus, 
when absolutely neutral* the resistance 
between the electrodes is 0.75 volt, 
and traces of achT reduce the voltage 
at once, whilst alkali increases it, 
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THIS SECTION pEALS WITH THE APPLICATION OF SCIENCE TO INDUSTRY AND PARTICULARLY 
:: • ;; DEALS WITH APPLIED CHEMISTRY :: :s H 

\ 


The Paraffins 


Mr. K. S. Dickinson, F.C.S., in his own inimitable way , explains 
in simple language the Paraffin Group of Organic Products. 


I N the course of conversation 
with a non-teehnical friend a 
few days ago, it fell to our lot 
to essay the explanation of the 
Paraffin Group of Organic 
Products. The friend in question 
apjxared to find the subject sufficient- 
ly interesting to cause him to lose 
a material amount of his night’s rest, 
and the thought has remained with 
us since that what interested him 
might very conceivably be of filtered 
to our readers in Industrial India. 

We will therefore, in the next few 
columns, attempt to give an account/* 
in simple language, of this most 
important group of substances, many 
of •which are in daily use in every 
country in the world. 

The technical chemist would define 
the paraffins as “ A homologous 
series of saturated iwdrocarbons, 
aliphatic in mature, and oi the general 
formula C n H2n fa-" $ llc h a deflh* 
ition is hardly suited t^ the general 
thirster aftef knowledge, *id it* 
therefore requires elucidation. This 
may be done in a few words. A % 
“ homologous series is a series of 
compounds, wherein each member , # 
as one ascends, is greater than its 
predecessor, by the amount # of one 
carton, and two hydrogen, radicles. 
Thus the substances * # 

C a H„ * 

c,h k 

C.H,„ * 

constitute a homologous series. 

A saturated •hydrocarbon is a 
hydrocarbon compound where all the 
“bonds” ire fully occupied and 
attached to certain elements, and 
are therefore not available for attach- 
ment to otfier elements, unless they 
be first detjched*from those elements 
already in the molecule. * 


Thus, for example, the simplest 
hydrocarbon, Methane, is a saturated 
hydrocarbon, because all the bonds 
of the carbon are in combination 
with another element, thus 

H 

I 

li e — h 

I 

n 

“ Aliphatic in nature.” In other 
words, fatty in nature. Not 
necessarily greasy, but “ fatty ” in 
the scientific acceptance of that 
term. 

And finally, “of the general 
formula CnHaufi ” These general 
formulae are of great use to the 
serious student of organic chemistry. 
By their means, he is enabled to hold 
in *iflind numerous separate and 
distinct stories of compounds which 
would otherwise lx* a frequent source 
of •trouble and confusion to him. 
The easiest explanation to offer of 
tiy meaning of the general formula 
wqyld be to say “let n equal any 
number.” Then the equation explains 
ftself. For if the carbon element be 
present to the extent of, say, six 
aioms then the hydrogen will be 
present to the extent of twice six 
plus* two. That is, fourteen, and the 
formula in this particular case would 
be therefore, CnHn, or in full — • 


Affinity, and is indicative of the fact 
that the whole class shows the most 
remarkable indifference to chemical 
reagents. They may be distilled 
with dehydrating agents, oxidising 
agents, acids, alkalies, almost any- 
thing in fact without showing the 
least evidence of change. The 
elements of the halogen series ate 
the only ones of great importance 
that are able to affect the paraffins, 
and these, suitably employed, are 
able to convert the paraffins into a 
series of ” substitution compounds,” 
some of which are of very great 
commercial importance. Chlorine, for 
example, added to the simple paraffin 
Methane, Clh, will yield four 
different and distinct compounds 
according to the length of time 
during which reaction lias been 
allowed to occur. These substances 
are most graphically shown by means 
of their picture formula?, thus : — 
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II 
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Cl 
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II 
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Dichlorometnanc 
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Methene Dichloride 

H 

11 

1! 

H 

^1 
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So much, then, in introduction of 4 
the compounds of the paraffin series. 
The name of the series, paraffin, is 
derived from what is probably the 
most noteworthy feature of the 
whole of the' members of it., It 
came from Para = Little, Affinitas— 


II — c - II H — C 

A 

Methane. Mono-chloro-niethane 

or 

Methyl chloride. 

II Cl 

Cl - C — Cl Cl — C — Cl 

I I 

H 

Trichloromethane 
or 

Mctheuyl trichloride 
or Chloroform. 


Cl 


and Ql — ^ — Cl 

I 

• Cl 

Tetrachloro-methane, 

Carbon Tetrachloride. 



Iodine and Bromine also form 
similar compounds. The curious fact, 
however, is that whilst Chlorine acts 
best in the presence of strong sunlight, 
or of the high powered electrical 
ultra-violet rays, Bromine and Iodine 
appear to show their affinity most 
^trongly in the presence of heat. 

jtFrpm what we have already said 
anent the paraffins, the reader will 
understand that these substances 
may be tabulated in order. The 
more important members of the 
series so shown, here follows : — 

Methane, CH4. 

Ethane, Call*. 

Propane, CmHh. 

Butane, C4II10. 

Pentane, (Ml nr. 

Sextane, Colin. 

Decane, CiolD-j. 

Quindeeane, Cir,H:i2. 

Vigintane, C20H12. 

Trigintnnc, CmHfla. 

Moreover, a careful study of the 
formulae attached to each member 
of the series will show at once why 
the series is called a homologous one, 
each .member increasing upon its 
predecessor by the extent of CH>. 

The first members of the series 
are gaseous, and found in widely 
varying places in the earth. As 
Marsh Gas, Methane is frequently met 
with in boggy places, both in tem- 
perate and tropical climes, whilst 
as Fire Damp it constitutes one of 
the great perils of the coal-getter’s 
life. The honour of its discovery 
must be accorded to John Dalton, a 
Manchester chemist, who collected it, 
by the proxy of numerous Manchester 
ragamuffins, from the marshes of 
Fallowfield, where now abide some 
thousands of the clerks and merchants 
of that busy “ Cottonopolis.” The 
marshes have long since ceased to 
exist, but Methane, the simplest of 
all organic substances remains, the 
first compound to which practically 
every chemistry student is introduced 
when he takes up his organic course. 

With Ethane we have little to do. 
Many important substances may be 
regarded as derivatives of this two- 
carbon paraffin, but except that it is 
a gas, colourless, tasteless, and in- 
flammable, much like its 'liomologue 
Methane, there is nothing about it to 
provide much food for examination 
and speculation. 

When we get up to about the five- 
carbon member of the series we 
began to meet the mest important 
members. Cs H12 is known ^0 the 
technologist as Pentane, but to all 
the world it is familiar as petrol, or, 
in its sta^e of highest purity and 
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rectification, Petroleum Ether. *As 
the source of energy th^t “ malfes the 
wheels go wound " (to quote our^ 
very old friends, Helen's Babies) : it 
is known in every country in the 
world, and as a solvent of great 
importance, it is used by the thou- 
sands of gallons annually, in oil- 
works, dye-works, chemical plants, 
and by all sorts and conditions of 
men. Rare, however, is it that the 
non-tecbnical user of it, in his car or 
his cleaning, realises that his volatile 
liquid is own brother to the Liquid 
Paraffin that he drinks as a laxative, 
or to the vaseline that he smeared 
on his plated metal to prevent it 
from rusting in the winter atmosphere. 
The liquid paraffin is a member of 
the same paraffin series as is petrol, 
but a higher member of the group. 
Its molecule contains fourteen or 
fifteen carbon atoms, and in bulk it 
consists of a mixture of paraffins of 
about the constitution Ci.vIIm, and 
Ci«H:h. Colourless and clear as is 
petrol, yet much thicker, more 
viscous is a better term perhaps, and 
showing no tendency towards vola- 
tilisation if left exposed. It thus 
forms a very good half-way house, 
between petrol and vaseline, which 
is a solid, higher member still, but 
equally of the same paraffin series, 
’i'he vaseline molecule consists of 
paraffins of about twenty or twenty - 
one carbon content, and when 
absolutely purified, is a clear white 
colour, iyess pure, it usually exhibits 
a yellowish cast, varying several 
degrees according to several factors 
concerned in its isolation. • Soft 
paraffin is the true commercial and 
pharmaceutical name for this com- 
modity, but to the vast majority of 
the members of the lay public it is, 
and probably always will be, knoyn 
as “ Vaseline," because of c the 
advertising activities of the Cheese- 
borough firm who manufacture that 
particular variety of soft paraffin. 
And after all, to give honour where 
honour is due, there is so far as 
our experience has carried us, r no 
other soft paraffin to equal it, grade 
for grade, throughout the length 
and breadth of the manufacturing, 
world. 

It is all a question of fractional 
distillation/ The Rock Oil, or Crude 
Paraffin Oil, bubbles up from the 
ground, or is drilled for, in various 
countries, the United States being of 
course the best known. This, we 
might have mentioned before, is a 
mixture of ‘Decane Undecane, etc. 
CioHtt, C12H24. If* the natural 
mineral oil be subject to distillation, 


as the heats are applied, then the 
various fractions will be obtained, and 
by redistillation isolated in a high 
stat§ of purity. Metallic substances 
held in solution are precipitated by 
various* means, Sulphuretted Hydro- 
gen being a/ common method. 
Redistillation frees the paraffin from 
any sulphur remaining in suspension 
As to the commercial treatment of 
the paraffins, it is fluite an impossi- 
bility to attenyt its delineation in the 
bounds of this paper. *The industry 
employs many thousands of hands, 
it involves the outlay of millions of 
pounds in capital, and finds an outlet 
for some of the cleverest chemists 
and engineers in the modern world. 
The uses of all the paraffins are so 
many, so varied, so fundamentally 
important, that they also ought to 
have at least the honour of an article 
to themselves. From soap making to 
ship-building, from cold -cream to 
cattle-farming, the paraffins Iwe a 
place that it would be difficult to 
.supplant, even were one able to 
provide an efficient substitute. We 
have in the paraffins a series of 
cheap, and therefore all the more 
valuable, hydrocarbons which have 
made, perhaps more than any other 
single group of substances, the 
possibilities of the Nineteenth Century 
become the most tremendous realities 
.of the Twentieth Century. How long 
the natural supplies will hold out is 
a matter that appears to be open to 
much discussion. One week we read 
that someone estimates twenty years, 
tke next week we see that there is 
an ample supply for the next ten 
generations. «Tlfen wc hear of new 
wells beinj* sunk here, there, and 
everywhere, with ^the Inost happy 
results. The following month we 
are told thifi: those wells proved to 
be entirely valueless and that the oil 
obtained fiom them hardly paid for 
< the sinking of the shaft. „So, as with 
the various mines of various precious 
♦minerals up and down the earth, we 
must continue to take what we can 
get, thankful for each day's yield as 
it comes, and ever on the qui vive 
'for th^ new 'deposits that* shall help 
us eke out our little store, or for the 
new discover, es that shall make it a 
matter of indifference to us, whether 
our supplies l*ter out, even on that 
selfsame night. " We know not what 
awaits us," and we can but go on, 
from day to day, working, waiting, 
honestly doing the besjt that in us 
lays, knowing that after all, and 
through ail, 

"God is His own interpreter 

»' And He will make it plain.” 
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Transport in Japan 


N no country in Ihe world has 
inland transport been so difficult 
as in Japan. Nowhere else have 
the difficulties been so^ success- 
fully encountered. Few of the 
Irts of the engineer ha%e been left 
Intried in coping with the manifold 
obstacles opposed by nature t<* the 
iransport of rnan arid his merchandise. 
[)ne finds an astonishing variety in 
pethods of transport, due first to 
:he peculiar and varied physical 
:eatures f of the country, and next to 
ihe patience and industriousness of 
the Japanese, who, with a determina- 
tion to wrest from nature the 
jnaximuni of her resources, have 
displayed not a little ingenuity in 
Jevising varied means of transport 
iuited to the different parts and 
features of the country. It cannot, 
therefore, but be most instructive 
to know how Japan has been able to 
meet the difficulties of her inland 
transport, so as to tit herself for the 
E;reat strides she has recently taken 
jn her industrial advance. 

Physical Features 

It will not be out of place here to 
give an idea of the kinds of obstacles 
that bad to be surmounted, due more 
! or less, as has been already mentioned, 
to the varied physical aspects of the® 
country. This may also help # us to 
properly appreciate th?silbcess which 
the Japanese have been® able to 
achieve. In tTie case of Japan, in* 
the words of a writer who can speak 
with a first-hand knowledge of^the 
subject," Savage grandeur and appall- 
ing evidences of destruction alternate 
with ‘ scenes of almost heavenly 
beauty.” More than three-fourths of 
the land is composed of mountains 
and hills, and many of these rise to »• 
heightpof 10,000 ft. and over. Inflated 
mountain torrents, v^hieli jwell from 
a mere shalfow stream to rowing 
floods, cause much damage, dealing 
death 1 and destruction far amd wide. 
Heavy snowfalls and avalanches, 
which occur so frequently on the west 
coast and further n8rth, inflict great 
damage on the # coastal railway lines. 
There are in some parts, villages, 
smitten in summer with a scorching 
sun, and in mitf-winter lying entirely 
buried in snow. # 

More distuitring factors are found* 
in the violence of volcanic eruptions. 


Earthquake shocks are very common, 
and wreck even solid iron bridges, 
just as if they were merely made of 
match-wood. After the occurrence 
of an earthquake, it is common to 
find roads broken and abruptly ended 
in precipices. Then there are the 
mighty and destructive tidal waves, 
and frequent typhoons of great 
violence. In some parts again, a 
river bed is sometimes raised so high 
above the flat strip of shoreward- 
land, owing to the amount of sand 
and stones of all sizes washed down 
from the adjacent hills, that the 
railway track has compulsorily to 
burrow underneath it, through ;i 
tunnel. Sometimes, as in a precipitous 
valley, the line can rise only by com- 
plete spirals driven through the solid 
rock, where a height of 170 feet can 
be gained at the cost of over a mile 
of tunnelling. In short, it will be 
found that the task of furnishing 
means of transport and maintaining 
them in a reasonable order, is a task 
calling for intelligence, skill, and 
patience of no common kind. 

* 

• Vehicles of Transport 

The vehicles of transport vary 
according to the nature of the locality. 
In tin higher mountain regions, the 
pack-horse oi; bullock is not available, 
and all loads have to be carried by 
man or woman, while in the lower 
•hills, *a two-wheeled hand-cart, the 
ni-guruma as the Japanese call it, is 
found in common use, hauled by 
sturdf coolies. The kago, a light 
fyrui of sedan-chair made of bamboo, 
is generally in use for ladies and 
invalids. Hilt the most common and 
well-known of the hand-drawn vehicles 
is the jinrikisha . • 

Among animal -drawn vehicles, Is 
the fMsha, a popular four-wheeled* 
stage-coach, drawn by one usually 
weedy horse. A slight variation from 
this is the one-horse tram. 

Automobiles both for private and 
public use, are getting popular day 
by day. In larger cities, taxicabs 
are usual, while in some parts of 
the interior, small motor-omnibuses 
ply for hire. Pleasure cars for tour- 
ing purposes are being employed 
between the larger cities and famous 
resorts, 


Roads 9 

In spite of the varied difficulties# 
connected with road -con struct ion, 
Japan is well provided with highways, 
some of which have come down 
from very ancient times. The most 
famous is one known as the Tokaido, 
which runs between Kyoto and Tokyo. 

All roads are divided into five classes : 
national, prefect ural, district, city, 
town and village. The first tv\o are 
under the control of the Home 
Minister ; the others are in the 
charge of the local governors or 
magistrates. The former consist of 
the highways leading from Tokyo to 
the shrine of the Imperial ancestors 
at I so, to the head-quarters of Army 
divisions, to naval stations, to pre- 
fectural offices, and to the chief 
" open " ports. The latter consist of 
minor ramifications of the former. 
The construction and condition of 
the roads vary considerably owing 
to the peculiar climate, and the lack 
of suitable material. There is com- 
paratively little macadamizing. Much 
of the soil is volcanic, and the thick 
dust in dry weather is apt to be 
transformed into a slough of despond 
after heavy rains. It is only in the 
granite districts of Central Japan, 
that the best roads are found, while 
those on the alluvial plains near the 
sea-coast offer a painful contrast to 
them. 

Bridges 

As a result of the numerous rivers, 
torrents and streams, bridges are a 
typical part of public works, and 
show a great variety in construction. 
The longest railway bridges are on 
the Tokaido line— over the Tenryu 
River (1322 yards), and over the Oi 
River (11 11 yards), respectively. . The 
foundation work of the bridges 
usually takes the form of cylindrical 
brick wells, with steel girders. Near 
Toffori, on tjie west coast, a steel 
trestle bridge, 1020 feet long, spans a 
*£orge 130 feet in depth. In some of 
the mountain regions, a common 
type is the suspension bridge of wire 
rope, with a foot-board of wood 
and a low hand-rail. The Kago - 
Walashi bridge "consists of a rough 
cradle sltfng on a rope of wire or 
creeper, along which the traveller 
hauls himself by a series <if frog- * 
like jerks, with the imminent 
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possibility. of finding himself suddenly 
hanging, suspended in mid-air or 
plunged in a roaring torrent. The 
commonest form of bridge for general 
purposes is, however, the neat, solid 
structure of wood in use from time 
immemorial in all parts of Japan. 

Waterways 

Japan has got few navigable rivers. 
In most cases their courses are short, 
their beds are narrow, and their 
currents are swift. On some of these 
rivers, long, flat-bottomed boats, 
laden with merchandise, pass the . 
“ rapids,” a distance of 50 to 00 miles, 
on tty»ir way to the sea, in five to ten 
hours, while the return journey takes 
upward of a week or a fortnight. 
Steam launches are in use only on 
the lower reaches of the largest 
rivers, such as the Yodo, the Shinana 
and the Tone. One of the most 
useful rivers is the Yoshino, in 
Shikoku, in the northern part of 
Tokushima perfect ure ; the part of 
the country is ill supplied with 
railways and has mainly to depend 
upon this river for transport. Alto- 
gether the rivers of Japan, for the 
purpose of inland transport, are of 
little importance or interest. 

The Railways 

The total mileage of railways in 
Japan is 7,000 miles, of which 0,200 
are owned by the Government, and 
1,700 by private companies. Since 
the first railway in Japan was built 
in 1872, progress has been steady 
and consistent, in spite of the difficult 
geographical character of the country. 
The chief railway system of Japan 
practically consists of one long trunk 
line in the main island, which with 
its virtual continuations in Hokkaido 
in the north and in Kinshin in the 
south, extends in one direction for 
2,000 miles. The fastest speed 
developed is on the Tokyo-Yokohama 
section, the 18 miles being covered 
in 28 minutes. The guage of the 
railways is narrow', 3 ft. 6 in., and, 
except on the Tokknido line, is for 
the most part single track. The 
worst gradients are in Mie Usui Pass, 
on the Tokyo-Nagana line, for which 
the Abt system was adopted. The 
gradient there is 1 in 15, and there 
are 26 tunnels, with an aggregate 
length of 14,645 ft. In this section 
steam locomotives ure replaced by 
electric locomotives of greater hauling 
power. The longest tun nel J is that at 
_ Sesago, on the Tokyo-Shiogiri section 
of the Central line, which is 15,260 ft. 
in length and took six years to build. 
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David Bridge & Co. Limited, 
Caste kton, Manchester. 

We have received from the above 
firm a set of their recent catalogues, 
dealing with some of their leading 
manufactures including the following : 
scutching machinery, horizontal bal- 
ing presses, copra dryers, friction 
clutches, and rubber machinery. 

The catalogue dealing with scutch- 
ing machinery is more properly 
described as a short treatise on cordage 
fibres, and includes an interesting 
description of their origin, treatment 
and use by Frederic A. G. Pape, 
FRITS., F.R.G.S., dealing with 
fibres from different parts of the 
world. 

The catalogue on horizontal baling 
presses gives full information re- 
garding the Cummins horizontal cot- 
ton baling press, which is capable of 
an output of 50 bales an hour of 400 
pounds, and one of its leading features 
is the fact that loose cotton may 
simply be thrown into it without any 
force whatever, so that four coolies 
can easily fill it in five seconds. 

The pamphlet on Copra dryers 
again in the nature of a treatise, and 
contains very full and detaileef in- 
formation regarding mechanical pro- 
cesses of drying Copra and Caono. 

The catalogues dealing with fric- 
tion clutches made by this firm call 
for little comment, as they are almost 
university well-known. One interest- 
ing feature, however, of the catalogue/ 
is the fact that a line plan is given 
on the opposite page to each photo- 
graph, which shows in a ver/ clear 
manner the detailed application of 
the clutch for various methods of 
power transmission. 

The catalogues dealing with rubber 
machinery cover ebery department of 
this industry and describe very fully 
the various machines used in tha 
process of converting raw' rubber into 
articles of commerce ; including : 
calendars, mixing machines, hydraulic 
presses, vulcanizing pans, solution 
mixers, moulds, driers, etc. 

We hope in a future issue to give 
some details of this firm’s rubber 
machinery, when we deal in Indus- 
trial India with the subject of 
" Rubber Manufacture.” 

Any of these catalogues are, of 
course, available to our readers on 
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application difcct to Messrs. David 
Bridge & Coj Castleton Iron Works, 
Castleton, Manchester. 


“ Coal SAvfko dy Modern Methods 
< k Steam Generation.” 

• 

We have received from Mr. David 
Brownlie of 4, Grangethorpe Drive, 
Burnage, Manchester, copy of a 
reprint of a series of articles entitled 
“ Coal Saving by Modern Methods of 
Steam Generation,” from “ The Tex- 
tile Manufacturer” of August 1921, 
to March 1922. This pamphlet is 
now available for general distribution, 
and may be obtained from Mr. 
Brownlie, at the above address, for 
the nominal price of 2/6 per copy. 
Mr. Brownlie is the well known 
authority on boiler house efficiency, 
and his complete analysis of the 
results of the working of sixty-five 
boiler plants, recorded in this pamph- 
let, should be in the hands of every 
steam user. These results were 
obtained from boiler plants in the 
dyeing, bleaching, calico printing and 
finisliing industries, representing 217 
boilers with an annual coal bill of 
275,637 tons. 

The exact figures for each of the 
> sixty-five plants are given in detail, 
and represent many years work. 
These’ shot? *hat the average net 
working •efficiency is only 61.46 per 
• cent., while indjvidifid plants vary 
from 80.09 per cent, to 40.06 per cent. 
Thfc figu&s for these particular in- 
dustries are typical^ all industries, 
and show the enormous fuel economy 
which can be obtained by adopting 
up-to-date methods of steam 
generating. 

^ Mr. Brownlie goes very fully into 
the details of each < test, showing 
exactly the working conditions under 
which the figures were obtained, and 
the detailed figures given in the 
tables, sllbwing the results oF each 
boiler plant test, are extremely in- 
tructive to the steam user, and show 
exactly the conditions of working.at 
each point in the boiler house, giving 
full details as regards temperatures, 
fuel analysis, COa contents, and 1 so 
forth, -and with such information 
the steam user sl^puld be able to make 
very useful comparisons with his 
own boiler houa^plant. 
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BETWEEN OURSELVES 


Test Results at Dalmarnock 

S OME interesting figures relating 
to the test results at tile new 
Ralmamuck Power Station 
(Glasgow), were given by Mr. 
• K. B. Mitchell in a recent 
paper read at the Glasgow summer 
meeting of the Institution of Electrical 
Engineers. 

Taking first the boiler plant, as 
offering the most possibilities of 
economy by the use of up-to-date 
methods, the steam pressure is 275 lb. 
gauge, and the temperature of the 
superheated steam 700 deg. 1% whilst 
the coal is not of good quality, 
averaging lRSOO B.Th.U. The feed 
water averages 141 deg. R going into 
the economisers, and 274 deg. R 
going into the boilers, whilst the 
due gas'.s are 0.40 deg. R entering 
the economiser and 400 deg. R leav- 
ing the plant.. The ^average .figures 
for COj is 10%, and thf draught is 
0.4 ins. \V.G. # over the lir?s. Loins. 
W.G. at the dampers, and 2.5 ins? 
W.G. at the fan inlet. The feed water 
is composed of .3.85";, niaKe-up.^and 
the actual lbs. of water evaporated 
per lb. of coal is 0.5 lb. 'Also, the 
total steam or*power used for stokers, 
fans, boiler feed pumps, and other 
purposes auxiliary to the production 
of steam, is 1.08% of the total sjteanf 
prodifetion. The efficiency of the 
plant is giveji as 74%, being 50.04% 
for the boiler, 0.23% for the super- 
heater, and 7.80% for the economiser. 
It is refreshing to be ablt* to study 
the actual honest figures pbtuined in 
practice from day day on a power 
station, and most engineers are getting 
rather tired of the 82 £-85% efficiency 
generally given. The figures of 74% 
efficiency at present being obtained 
at Dalmarnook are, however, con- 
siderably higher tjian most power 
stations. Thf auifiqr state*, and w* 


quite agree with him, that by in 
creased attention and experience with 
the plant it will be possible to get 
up eventually to about H0" o efficiency, 
although a defect in the design of 
the portion of the boiler plant already 
erected is that no provision has been 
allowed for air heating The most 
determined attempts have evidently 
been made to ensure that a proper 
scientific supervision of the working 
of the plant is maintained. The 
amount of coal supplied separately to 
each boiler is given by automatic coal 
weighing machines, and a C< >2 re- 
corder is also fitted to every boiler, 
whilst there is in addition an elaborate 
installation of steam meters, pyto 
impels, and draught gauges. The 
performance of the turbo generator 
is ajso under continuous observa- 
tion, the steam consumption being 
me; lift'd by a " Lea ” recorder in the 
condensate circuit The station has 
been running dining the past few 
months at about 34",, load factor, 
because of the great trade depression 
in Glasgow*, but the following most 
interesting figures are given as to 
the cost of production, expressed as 
pc*ncc per unit of electricity, for the 
month of April last : 

i 

Ol’KKATlON 


Coal* • ... 

0.1752 

Coal handling 

0.0060 

Adi handling ... 

0 . 008*2 

Water 

0.0000 

Oil and stores 

0.0040 

Shift wages and salaries 

0.0202 

Maintknanci: and 

kKI’AJUS. 

Building, wages 

0.0057 

Buildings, materials ... 

0.0007 

Engine room, wages ... 

0.0082 

Kngi nr - room , mater i als 

0.0001 

Boiler-room, wages ... 

0.0132 

Boiler-room, materials 

0.0056 

On cost charges 

0.0005 

Total 

0.2635 


The Characteristic!* of a Rood 
Lubricating Oil 

The necessit y of got id lubricating 
oil does not require to be emphasised, 
although what constitutes exactly 
such an oil is a matter of opinion. 
In this connection the recent specifica- 
tion of the United States Government 
will be of great interest. This 
specification refers to a good grade of 
petroleum oil, without admixture of 
fatty oils, resins, or soaps, suitable 
for steam engines and turbines, air 
compressors and internal combustion 
engines other than petrol and 
“lfiesel" engines. This quality of 
oil is divided into five grades, extra 
light, light, medium, heavy, and extra 
heavy. The Hash point specified for 
these grades is 315 deg., 325 deg., 
335 deg., 345 deg., and 355 deg. R 
respectively, whilst the viscosity at 
100 deg. R in the standard viscometer 
is to he 140-100, 175 210, 275-310, 
470-410, and 470 520 seconds. As 
regards general chemical pro|>ertics, 
the acidity is not to exceed the 
equivalent of 0.05 milligrammes of 
caustic potash per 1 gramme of oil, 
whilst also a clean copper plate must 
not he discoloured when immersed 
in the oil at 00-70 deg. R for 24 
hours. As regards emulsifying pro- 
perties, the oil has to separate in 10 
minutes from an emulsion with (\) 
distilled water, (2) 1% salt solution, 
and (3) normal caustic soda solution. 
Finally, the carbon residue must not 
exceed 0.1%, 0.2%, 0,3%, 0.4%, and 
• 0.0% respectively. 

AAA 

Indian Paintings 

On May 26tji Viscount Peel, the 
Secretary of State for India, presided 
over a lecture to the Royal Society of 
Arts, on “ Indian Painting and Mohatn-, 
rnedan Culture," by Sir Thoman Arnold , 




Professor of Arabic at the School of 
Oriental Studies, This was the third 
annual lecture in memory of Sir George 
Bird wood, and Sir Thomas Arnold 
took as his subject Indian paintings 
as a neglected source of enlighten- 
ment on the social assets of 
t Mohammedan rule in India. His 
ttirpose was, by reference to selected 
Indian pictures, to suggest directions 
in which research into Mohammedan 
history might be pursued, and to 
throw out suggestions as to the 
manner in which pictures might be 
used as aids to historical research. 

Indian paintfhgs are numerous in 
the museums and private collections 
of thifr country. Taking first of all 
religious paintings, Sir Thomas threw 
on the screen pictures illustrating the 
reverence for saints, the blind sub- 
mission of religious devotees, religious 
ecstasies and ceremonial dancing. 
An interesting picture of a Moham- 
medan prince, sitting at the feet of a 
well-known Hindu priest, showed 
that concourse between Islam and 
Hinduism was not unknown, and 
suggested that the necessity of es- 
tablishing a modus vivendi between 
the two faiths was early apparent. 

Painting was a courtly art, and a 
study of pictures throws light on 
many problems of the Mohammedan 
Court, on manners and on dress. 
Curiously enough the Mohammedan 
skirt, worn by men, survived longest 
in the Hindu courts, but before its 


subjects, but he turned to ottter and 
happier times, or to romantic themes 
and fairy stories. * 

Lord Peel, in proposing a vote of 
thanks to Sir Thomas Arnold, ex- 
pressed a hope that as a result of the 
lecture many students would be 
inspired to write.much needed mono- 
graphs on the domestic life of Moham- 
medan society of the 17th and 18th 
centuries. 

* 

The Heat Losses of Steam Pipes 

The Mellon Institute of the 
University of Pittsburgh, U.S.A., has 
been carrying out a valuable series 
of experiments to determine the 
amount of heat lost by a bare steam 
pipe exposed to the air. They point 
out that most of the previous work in 
this direction has been undertaken 
with one size of pipe only, and at 
comparatively tow steam pressure, 
and accordingly they have devoted 
particular attention to the results of 
the use of high steam pressures and 
superheat, using pipes of different 
sizes, l in., 3 in., and 10 ins. The 
temperature range of the steam used 
in the pipes went up to 600 deg. F. 
difference, and in the case of the 1 in. 
pipe's as high as 700 deg. F. difference. 
The results are given in the form of a* 
mass of figures, which unfortunately 
it is impossible to reproduce because 


As regards the difference due to 
varying sizes of steam pipe, taking 
160 lbs. steam pressure, a 3 in. pipe — 
conditions as before — would lose 
7,210 lb. # of coal per month and 
3.030 B.Th.U. rar lineal foot per 
l deg. F. diffeiZnce, a 6 in. pipe 
13,1201b. coal€nd 6.622 B.Th.U., an 
Sin pipe 16,940 lbs. coal and 7.126 
B.Tli.U., and a 12 in! pipe 24,700 lbs. 
coal and J0.40 B.Th.U. A very high 
class steam pipe Covering, such as 
85% magnesia or slag # wool, will give 
about 92£-95J% efficiency, that is to 
say it will prevent 92£-95$% of the 
loss, so that for any given conditions 
the steam pipes can be measured up 
and the loss calculated. It should be 
noted, however, that most of the 
cheap and shoddy coverings used give 
nothing like these efficient figures 
after a few months in work, and 
probably 70-80% efficiency is a good 
average. The serious loss per annum 
caused by inferior coverings will, 
therefore, be obvious, and it can 
only be emphasised again that cheap 
and shoddy coverings are the worst 
possible investment. An interesting 
feature of the report is the attention 
drawn to a popular misconception as 
regards air space in coverings. The 
value of a good covering from the 
point of view of the prevention of 
heat loss consists in the air spaces 
or pockets imprisoned in the covering. 
These air spaces, however, must be 
very small and absolutely dead, so 
that no movement of the air is 


disappearance from the Mogul courts 
It underwent many modifications. 
In the 18th century it became so 
long that it swept the ground, and 
this illustrates the depths of effemi- 
nacy to which the ruling race had 
fallen. 

Pictures again show the important 
place occupied by dancing. In the 
fashionable portraits of the 18th 
Century, the sitters are always painted 
watching a dance, and no longer 
standing alone, or leaning on a sword 
as was the more virile fashion of an 
earlier age. 

The absorption of the later Mogul 
rulers in drinking, and the preparation 
of food in the palaces, were also 
illustrated by contemporary pictures, t 

Sir Thomas drew attention to the 
fact that there was a certain amount 
of negative evidence to be drawn 
from pictures. When the Mogul 
Empire was breaking up, and the raids 
of Mahrattas were creating chaos and 
confusion, no longer did the painter 
paint what fight be termed court 


of lack of space. 

Taking, however, as typical a JO in. 
bare steam pipe at 1601b. pressure, 
the amount of coal lost per month of 
30 days per 100 lineal feet of pipe, 
working 24 hours a day, is 20,9l(?lbs., , 
corresponding to 8.805 B.Th.U. per 
lineal foot per l deg. F. difference in. 
temperature. In tliis calculation the 
coal used in the boiler plant is taken 
as 13,000 B.Th.U. per lb., the boilef 
plant efficiency as 70%, and the 
temperature of the air as 70deg.F.* 
Taking the same fixed steam, pipe, 
10 in., the effect of change of pressure 
in the pipe, as regards the increased 
hmount of heat lost, is illustrated by* 
the fact that at 10 lb. pressure tfee 
figure of coal lost for the month on 
100 lineal feet of pipe as before is 
8,8201b./ corresponding to 6.584 
B.Th.U. per lineal 46ot per 1 deg. F. 
difference, at 80 lbs. pressure the 
figures are 16,100 lbs. coal, and 
8.010 B.Th.U., at 120 lbs. they equal 
18,690 lbs. coal and 8.400 B.Th.U. 
and at 200 lbs. pressure ere 23,100 lb., 
coaland 9.150 B.Th.U. 


possible. Air is a perfect non-con- 
ductor only so long as it is not in 
motion. If a large air space of say 
£ in. b left roupd the pipe, the result 
is practically nil, because the mass of 
air inside is in motion and conveys 
the heat by convection to the outer 
portion of t the covering, so that the 
onl>fc result is to increase the area of 
the pipe for heat loss. 


British Railway Novelties * 

0$e of tfie leading Brftish Railway 
Companies has recently completed its 
first electric locomotive for main line 
traction. This locomotive is capable 
of hauling a full size train at a speed 
of 66 miles per 'hour ; and at its 
recent trails it completely fulfilled 
tfie exacting specifications, which had 
been placed before its designers. 1U1 
the electrical and other # eqmpfflent for 
this locomotive was designed and 

manufactured in (irefct Britain. 

•• - 


E 

Conducted by FRANK DAWSON. 








ways for draining off moistW. Four in tlie ferro concrete* box, by means of 

substantial lifting lugs are provided mihstnntinl holding-down plates 

to receive the chain hooks of lifting joggled to aMow full clearance, 

apparatus. t The manufacture Jbroughont has 

The rubber jointing is. in the case 'been of the best description, all 
of 44 covers, of patent steel threaded plate edges planed, all holes drilled 
rubber lute, and in tht case of the from the solid, pneumatic riveted 

remainder of “ ftclipse M rubber joint, and caulked, the angle curb being 

In all cases the covers are secured welded up complete. The covers have 

the holding-down bolts embedded been made solely with the aid of 


machinery, no hammer marks what- 
ever appearing on same. 

Two covers on each box are pro- 
vided with a special design of air 
valve, and each cover is provided 
with a Afiermomtder pocket and test 
cock. J .tattle pl/tes are attached to 
underside of coders where inlet pipes 
occur. 

Kadi cover, whefi complete, te 
tested with water for tightness before 
being placed in ]#>sition, and the 
whole will Ik# ultimately tested by 
air pressure. 

General Arrangement of 

Gas Pipes 

The boxes in the new plant are divi- 
ded into four groups of four boxes with 
one eatchbox to each. Kacli gmup is 
contiolkd by one eight way 24 in. 
Weeks centre valve. There are also 
two extra catcliboxcs provided for 
the 1 wo sets of purifier boxes, intended 
to b- built later in continuation of 
purifier house. The catcliboxcs are 
of same design in all details as the 
purifiers, excepting that they have 
extra connection with the old plant 
and are thus available for use 
alternatively in conjunction with one 
set of either plant. The inlet main is 
connected to the centre valve through 
a 21 in. diameter Westwood <S: 
Wrights {latent valve, straight Hanged 
pipes, and one water valve placed 
Adjacent to the centre valve. Four 
inlet and four outlet 24 in. diameter 
pipes, each with two IS in. diameter 
branch tecs form the connection 
1 lift ween centre valve and the four 
purifier boxes. A 24 in. diameter 
main oirtlet gip<* from centre valve 
through w^ter valve and Wrights 
patent valve, takej the* purified gas 
to the outlet main. The main outlet 
pipe from unitre valve is branched 
oil atVm intermediate “point to form 
an inlet tg the catch box through 

• two usual valves, and finally through 
two IS in. diameter branch tecs. 
•The 20 in. diameter inlet from the 
oiy plant is connected to, and is in 
line \with the inlet from the pew 
purifiers. Outlet pipes from catcli- 

J)oxes are colincettd throigh valves 
direct \o the outlet main. The teni- 

* perature of gas entering and leaving 
the centre valves can Vie noted from 
dial thermometers fixed in main 
inlet and outlet pipss adjacent to the 
valve. 

« 

Gas Mains 

Inlet main extends fr<pn east end 
of plant, 437 feet westward, and is 
placed at an average height of centre 
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8 ft. 6 in. above ground, allowing 
about 7 ft. of head room at the 
lowest point. The pipe Is reduced 
in size after each set of branch • 
connections from 48 in. diameter to 
42 in., 42 in. to 36 ui , finally* 36 in. 
to 30 in. diameterA Taper pieces 
between different sized pipes are 
constructed to keep the water run 
unbroken, that is, the bottom of all 
pipes in line. The main js laid to 
fall uniformly we # st to east, about 
18 in. in the w!»le lengtlf, and diained 
at every tee branch piece with 2 in. 
diameter pipe. Six 24 in. branch tee 
pieces are included in the main for 
connections to the four Weeks centre 
valves in the purifiers and two valves 
to be installed later. The 24 in. 
diameter branches on the tees are 

cast eccentric to the centre line of 

the main to keep all the branch 
connections at same level, while the 
main is falling. This method allowed 
standard castings to be used in all 
branches. Manholes 24 in. diameter 
are provided at about BM) feet 
interval. Expansion joints are in- 
cluded in each long stretch of pipe, 
between two anchored points. The 
joints are Messrs, (denfield & 
Kennedy’s make, and are specially 
bored out to ensure sliding, also to 
allow more room for packing. The 
main is supported on half round I y 
section hoops hinged to L section 
bars attached to the ferro-concrete * 
cross beams under purifier floor at 
20 feet interval. This arrangement 
allows portions of the main to swing 
to and fro in case of expansion awl 
contraction. The east end section 
of the main outsick' ^he purifier 
house, rests on cast iron roller bear- 
ings supported oji built-up steel 
stools. Straight pipes and tees are % 
all cast flanges faced across and bored 
according to British Standard sj^cifi- 
eations. As a jointing material, paper 
millboard washers 1/8 in. thick soaked # 
in French polish formed of shellac 
dissolved in wood naphtha and bolted . 
up wet has been found satisfactory^ 
Outlet main is precisely the same as 
the inlet main, excepting that it 
includes si* extra • 24 irt. diameter t 
branch tees to receive the catehbox 
outlet pipes. % 0 

Branch Pipes and Tee Pieces 
and Quarter Bends 

These castings are all made to 
British Standard specification, quarter 
bends are provided with cleaning 
doors. At each rake in the branch 
pipes there is . a socket and spigot 
lead joint. • *. 





Details of Conveyor arrangement 






Coovtyor Adjiutrntnt 


When it is desired to lubricate the 
valve, the cone pin K, is removed, the 
recess forming an oil cup, which is 
connected to the grooves I in the face 
of thj Jbody of valve. Incidentally, 
this oil cup furnishes an excellent 
means of testing the absolute tight- 
ness of the valve. 

A great advantage in this valve 
consists of the fact that the machined 
faces art always, protected against 
any corrosivg action, the settlement of 
any grit, or deposition of tarry 
vesicles or other foreign matter, 
whether the valve is open or shut. 
Other advantages claimed are that 
the faces may be lubricated from 
outside, if desired ; that there is no 
liability of the parts to stick or become 
unworkable ; and that it i^ always 
reliable in all positions, and for 
all kinds of gases ; further, it can 
be tested for tightness, whilst in 
position. 


Valves 

The control valves. 20 in. and 
24 in. diameter, are of Messrs. West- 
wood & Wrights’ Patent Type. 
These valves are especially suitable 
for purifier work, owing to their 
reliability for tightness under all 
conditions. 

The general arrangement of the 
valve will be seeti from the details 
shewn. In the body of the valve, 
A, E is the screw, and V the 
spindle, which operate the valve. 
H is a set of tangent teeth upon the 
movable disc B. I) is the body of the 
valve, shewing the valve face, J being 
the centre pin upon which the 
movable disc rotates, while I is a 
groove cut in the valve face, by means 
of which the faced surfaces art* 
lubricated if and when desired, by 
means of a lubricator K, shewn in the 
complete valve at C. 

When the valve is being operated 
the movable disc B is kept pressed to 
the face by the coil spring, but just 
as the valve is closing a system of 
wedges or inclined planes come into 
operation, the faces being forced 
together, making a perfectly gas 
tight joint without relying upon 
springs or other means. When thus** 
dosed, the valve is perfectly gas 
tight. 

If required to stand high pressures, 
the parts are made * rather stronger 
than is necessary for ordinary 
pressures. 1 

r In owning and closing the valve, 



the movable disc B is moved through « 
a quadrant of a circle by the powerful 
tangential screw E, working in» the 
bevel teeth cast upon the rim tf the 



— 
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Coovtyor Belt Roller* 


faces ; the valve spindle F, being 
turned to the right in opening, and 
the reverse in dosing. 


• The valves are very carefully 
manufactured with castings free from 
allows 8r blow hqjes. The faces, 
after being turned in the lathe, are 
rubbed down on a face plate, thus 
ensuring a perfect joint. Each valve 
is carefully tested before despatch, 
and a record kept of same, test 
•certificate being supplied upon 
application. • 

The values ate operated either by 
elongated spindles or tievel gearing, 
according to situation, as shewn on 
drawings. * The spindles are carried 
through Handwheel columns, which 
indude Westwood and Wrights' 
Patent Indicators* a valuable addition, 
shewing as they do at a glance, and 
from a distance, whether the valves 
are quite open or closed. All gears 
are of gunmetal, and .all supporting 
brackets bushed r 'with the same 
material 



Eucalyptus Oil 

The follounng instructive article has been sent to us by one 
of our Indian readers , ivho • makes some suggestion for 
putting the Eucalyptus industry on a more efficent basis . 


Hlstory«and Introduction 

T HE distillation of Eucalyptus 
Oil in the Nilgtis cTates as 
far back as I860, when the 
first plantations were 
started by a few European 
settlers. Since then the Industry has 
been •increasing in importance for 
various reasons, and a good market 
for the oil is on record. The particular 
genus E. Globules or the Blue gum 
is the variety found in abundance on 
the •Nilgris. This is pre-eminently 
suitable for the distillation of the 
best Eucalyptus oil in the British 
Pharmacopoeia. Nevertheless a good 
deal of Australian oil is imported for 
consumption in this country. The 
following account, it is hoped will not 
only review the present position of 
the Industry in the Nilgris, but 
also indicate certain lines of future 
development. 

The Distillation of Oil 

*'he distillation of oil was first 
started on a small scale by a f^v 
European settlers about 50 years 
ago. At present a # little more than 
2,400 lbs. of oil per yfar is distilled 
and sold. TJlie general rile has been 
that any man hiring a small Kuc^l* 
yptus plantation of l|js own has 
erected a small distillery, usid£ the 
leaves obtained from his own estate. 
At present there are five planters , 
engaged in ttie Industry. In addition 
to tins there is a small still producing. 
3 lbs. of oil a day, in the Goot 
Botanical Gardens, Ootac^menfd. 
Thdfee firms obtain the major portion 
of their leaves from private estates 
and the rest from Goot plantations. 
The Ootacamemd oil is not generally 
re-distilled, except by* one of the 
firms (Manager, Mr. IJrown of the 
Felixstowe Laboratory). Others who 
tried re-distillation have not had 
much success owing to the faulty 
type of plant employed, which re- 
sulted in a loss of more than half the 
oil. The best form of still is used 
in Ootacamemd^ and is illustrated 
on page 6Q * 


Leaf Supply and Cost of 
Production 

The chief consideration in the way 
of a greater expansion of the Industry 
is the question of leaf supply. In 
Australia the distillation of the oil 
is a great success on account of the 
maintenance of a constant leaf supply 
by adopting the " lopping ” system. 
This system has been found im- 
practicable on the Nilgris. The only 
other possibility is the starting of 
special plantations on short rotation 
for the purpose of a regular supply ; 
the fuel being of secondary im- 
portance. The quantity of leaf that 
can be made available at present can 
be found by a simple calculation. 
Taking roughly 2,400 lbs. of oil as 
the annual output from Ootacamemd, 
and 8 per cent, as the average yield 
of oil, the total quantity of leaves 
consumed by different distillers come 
to about 1,300 tons per year. The 
total acreage under Eucalyptus is 
£914 acres. The total yield, calcu- 
lated according to the exports carried 
out by the Forest Department is five 
toi^s per acre. So that, if all the 
trees* are felled, there should be 
available l?,570 tons of leaves. As a 
matter of fact, however, the forest 
revenues per annum for Eucalyptus 
trees removed is only about Rs. 200. 
Taking 8 pies per 200 lbs. of leaves 
th# the distillers pay for them, it 
seems that out of the 1,300 tons used 
ftnly about 450 tons are obtained 
from Govt, felling acres, and 850 tons 
from privately owned plantations. 
Since lopping cannot be adopted with 
advantage attempts must be made 
to start fresh plantations for the 
supply of leaves. • 

0 The cost of production is as follows : 

Rs. As. Pf. 


Cost of leaves 200 lbs. 0 0 8 

Cost of collection 0 0 0 

Carriage 0 8 0 

Interest on actual outlay ... 0 4 4 

Total Re. ... 13 0 


The yield per acre 200 lbs. is 27 f 
oz. The sale price for this is Rs. 2. 
So there is a profit of about 12 as. 


per 200 lbs. of leaves. Tliis is the 
general cost of production. The 
following is the cost of production by 
Mr. Brown, who wi*s kind enough to 
place the following figures at the 
writer’s disposal : — 

Cost of production — 1 1( lbs. 

(Without Transport of 

leaves) lOAs. 

Transport of leaves 2A». 3Ps. 

Cost of bottles, minor expenses, 

etc 3As. 9Pi. 

Total cost for 11 1 lbs. ... Rc.1-0 

The oil is usually sold at from Re. 
1/10 to Rs. 2. 

The profit per bottle of l Jibs, is 

10 to 12 as. 

The Nilgris distillers get a profit of 
6 to 8 As. per lb. The wholesale 
price at which Australian oil is 
imported into India is about Re. 1 
per lb., a price which the Nilgiri oil 
fetches. The quotation for Eucalyp- 
tus oil in London is Re. 1-4 to Re. 
1-5. The cost of transport from an 
Indian port to London is not more 
than 1 to 2 As. per lb. of oil. It is 
therefore, safe to take the lowest 
estimate of Re. I per lb. as the 
maximum sale price of the Nilgris 
oil, in order to calculate the com- 
mercial possibility of the Industry. 
In order to sell larger quantities of 

011 to the wholesale dealers, and in 
view of the extremely low prices of 
imported Australian oil, it will be 
eventually necessary for the Nilgris 
distiller to reduce the cost of pro- 
duction to such an extent as to be 
able to sell the oil at a wholesale 
price of As. 15 per lb. at the dis- 
tillery, or at Re. I per lb. including 
the cost j>f packing, tins, etc., at 
Calcutta or Bombay. 


Future JProspects — Develop- 
ments of the Industry on 

More Profitable Lines 

# 

In spite of so many favourable 
circurrfttances, the fact stands, that 
a good deal of Hashaban is stjjl 
imported into this country, showing 
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DlmtraininutU' nrriin|}em*nt of .Still 


that the Industry lias not been fully 
exploited. In this connection a 
series of experiments carried out hy 
Mr. Pureri Singh, Purest. Chemist. 
Research Institute, Pehra iMm, are 
found extremely interesting, These 
experiments were carried out with a 
view to work out the various factors 
that will contribute to the economy 
of the Industry. 

Semi commercial distillations were 
carried out on the spot, and as the 
result of a series of experiments, he 
came to the conclusion that much 
depended upon the nature of the 
leaves. While the best yield of tire 
ordinary Nilgris distiller is 1.4 per 
cent, of oil calculated on the weight 
of the dry leaves, by using the 
mature leaves drawn from trees 
planted so late as 1873, the yield 
obtained was 2. ‘28 per cent. Thus 
the distillation of such mature leaves 
is recommended as a first step. The 
initial outlay of capital otn mechanical 
contrivances calculated to reduce the 
cost of transport of leaves is re- 
commended in preference to making 
arrangements from time to time and 
dealing with unskilled and half- 
hearted labour obtainable on the 
Nilgris. This refers to details of 
organization, which an enteVprising 
pianufacturer can easily overcome, 
and thus Secure permanent reduction 


of his recurring charges of transport. 
The design of the still recommended 
for adoption is of iron lined with 
copper. A catch still will serve the 
purpose of holding back impurities, 
and the very heavy sesqui, thus 
giving even in the first distillation a 
veiy good oil and avoiding re^lis- 
t illation. The leaf supply ougltf to 
be increased by starting special 
plantations on a very short rotation, 
the resulting fuel being of secondary 
importance. To make it a profitable 
industry, it must be worked on a 
sufficiently large scale (about 2 t^ns 
of leaves per day). • 


Working Costs 

On the above lines, taking a factory 
of two stills each with a capacity of 
one ton of dried leaves to be worked 
alternately by a 30N.H.P. boiler, 
the following initial costs will have 
to be taken into account. 1 

n OlTl.W. 



Rs 

Under and accessories** 

8,000 

Two iron stills, copper lined 

0,000 

Sheds, etc. 

7,000 

Other charges 

4,000 

Total 

25,000 


Interest at 0% on Rs. 25,000 

Rs. 

at Rs. 125 per month 

1,500 

Depreciation at 10% on plant 
Depreciation on buildings 
sheds, # etc., at J0% per 

1,400 

yea»or R 58-5-4 per month 

700 


Such a factorycun easily deal with 
4 tons of leaves per day, 100 tons per 
month of 25 workiyg days. This 
should produce about 3,300 lbs. of 
oil per input h taking the yield at 
1.30 per cent. This on 3.3(H) lbs. of 
oil, the depreciation •and interest 
charges come to Rs. 209-15-0, or 
about ♦ As. 7 Ps. per lb. 


The supervision charges may be 

put down thus 

Rs. jK*r 
month. 

Manager ami engineer ... •200 

Two drivers a tnaishis at R 30 00 

Two lin-mcti at R. 15 ... HO 

24 Coolies at R10 240 

Clerk and time keeper ... 40 

Miscellaneous ... ... 30 

Total ... Rs. f>00 


'This on 3,300 lbs. works out about 
3 As per lb. The royalty on the 
leaves paid by tire distillers is quite 
the right figures of 5 pies per lb. of oil. 

The total cost of production at 
present comes to alxurt 10 As. 8 Ps. 
per lb. of oil, but as shown above, by 
a more efficient, organisation of 
collection and transport, the figure 
could be brought down as follows : — 


Cost of leaves (Royalty) ... 
Cost of lopping ami eolleC- 
v lion 

Co<t of transpot t for a dis- 
tance of five miles 
Talking ..I * ... 

Curl t 

Supervision... . .. *. 

• * Interest and d< preeftition 


Rs. As. l\s. 

0 0* r> 

0 I 4 

0 1 8 

0 0 3 

0 0 tt 

0 3 0 

0 15 


V 


• Total 



7 


, In comparing this figure with those 
given by the Nilgris distillers (0.-10.-8. 
.ps. lb.), account has not been 
taken of interest on capital, deprecia- 
tion, supervision charges, which might 
be put down at about 4 As. Thus 
the total cost will come yp to about 
15 As.* for the Nilgris distiller. If 
the sale price of the oil went as low 
ns 1 1 As. per lb. at the factory, a 
net profit of. 2J As. per lb. could be 
secured. If it is .sold at Re. 1 at 
Bombay, or Calcutta, it will fetch a 
net profit of 7 As. 5 Pies per lb., also 
it will probably capture the foreign 
markets and thus stand a fair chance 
of competition with the Australian 
oil. Such an oil very well satisfies 

the tests of the British Ftkarmacy. 

« 
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THIS SECTION DEALS WITH TIIE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 
INCLUDING MACHlft t TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 

Starting Up of a Grinding Shop 

• * 

« The grinding of motor pints and other machine 

parts offers another opening for the young 4 

Indian to start in business on his i a n aeeounf. 


T HK degree of accuracy which 
is possible to-day in the 
manufacture of motor-car 
engines and motor-car 
parts, is due almost, wholly 
to the development of the modern 
grinding machine. 

It will be readily understood that 
when a motor-car engine has worn 
sufficiently to require the reboiing of 
the cylinders, that some form of 
grinder must be available if the work 
is to be carried out with any degree 
of accuracy. This could, of course, 
be done at the maker’s works, but in 
most cases the procedure would be 
very inconvenient, particularly for 
motor owners over-seas. 

The alternative would be for garage 
proprietors to inst.nl the necessary 
grinding machines, and this will 
doubtless take place in the course of* 
time ; but the purpose of this prticle 
is rather to suggest thft it would be a 
profitable undertaking to *et up a 
small independent tliop specially for* • 
the put j lose of grinding, and in making 
this suggestion vye are contfnuing#mr 
early suggestion of showing openings 
for the younger generation* to start 
in business on iheir own account. 

Machinery for fine grinding is 
relatively costly, and for this reason 
such machines will require to be kept* 
workiig their full working hours, if 
they are to give a reason- 
able return *on capital 
expenditure, and it is 
probably for this reason 
that the grinding ma- 
chine has not been much 
more generally adapted 
in the garage itself. 

We are inclined to 
believe that the inde- 
pendent grinding shop 
will be a feature of the 
future, and such a ’shop 


would not only secure the ordinary 
work which is now required for 
motor repairs, but it would actually 
make work. Hv this we mean, that 
in places where repairs are carried 
out and the people concerned are 
conqx-lled to have the work finished 
in the lathe, if an independent, 
grinding shop was available such 
work would undoubtedly be sent in 
for grinding, and such an independent 
grinding shop would collect work 
from a relatively large area ot ground. 
Although the modern grinding 
mac hine is somewhat complicated and 
a very high class piece of mechanism, 
^nevertheless, the working of these 
lm^'hines is like everything else, it 
is a very simple matter once it is 


thoioughly understood, and there 
need be little difficulty under this 
heading. 

We are indebted to the Churchill 
Machine Tool Co. l,td. ( Manchester, 
England, for the following details of 
the grinding machines illustrated and 
described in the present article, this 
lirjn having specialised in this par- 
ticular class o! work. 

pur the proposed independent 
grinding shop, there will, of course, be 
two principal machines necessary, 
namely : an internal cylinder grinder 
and external plain and crankshaft 
grinder. 

The finishing of crankshaft pins 
and bearings, both for single and 


multiple throw crankshafts, is a class 
of work peculiarly appli- 
ible to the grinding 
machine, owing to the 
high degree of accuracy 
and finish demanded. 
( hie of the difficulties en- 
countered in any method 
of machining Crank- 
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shafts is the securing of alignment 
of the crank pins in relation to 
each other, owing to the gradual 
release of various stresses in the shaft 
forgings, whilst the machining is 
proceeding step by step. It is for 
this reason that the grinding machine 
has been so successful on this class 
of work, the removal of the surplus 
material by grinding being a more 
gradual operation, and one that does 
not impart further stresses to the 
shaft. Crankshafts can also be 
economically ground direct from 
forgings or stampings ; but if the 
full benefits of this method are to 
be obtained, the forgings must be 
specially designed to give the 
necessary clearance for the sides of 
the wheel. 

The method adopted in the grinding 
of crankshafts is the use of a grinding 
wheel equal to the full width of a 
crank pin or bearing, using the wheel 
in much the same manner as a broad 
forming tool in the lathe, no traverse 
of the crankshaft being necessary. 
The fillets on the shaft are formed 
direct by the wheel, a special device 
being fitted to the machine for 
forming the corners of the wheel to 
the correct radii. The necessary 
support to the shaft whilst grinding 
is proceeding is given by a specially 1 
designed steady, which supports the 
shaft against the thrust of the wheeJ. 

Crankshaft grinding machines are 
plain grinding machines, with the 
addition of crankshaft equipment, 
and specially arranged to carry the 
, large diameter grinding wheels 
necessary for grinding crank pins. 


Plain and Crankshaft Re- 
grinding in the Repair Shop 

The Churchill Machine Tool Co. 
offer a specially designed \H" swing 
grinding machine, complete with 
crankshaft grinding equipment, and 
capable of handling all the plain 
grinding work, which is likely to be 
met with in the handling of motor 
repair work. This machine will 
accommodate work up to 60* in* 
length between centres. • 

On this machine four work speeds 
and eight table traverse speeds are 
available, all instantaneously change- 


able while the machine is running. 
The grinding wheel is 24* in 
diameter, and is sufficiently large to 
grind the pins of the largest Throw 
Lurry Crankshafts without fouling in 
any ufty. * 

The fillets onfthe shafts are formed 
direct by the ^finding wheel, a radius 
truing device being fitted to the 
machine for forming the comers ‘of 
the wheel to the correct radii. 

The tfirow blocks are. adjustable 
for stroke, aftid are fitted with three 
jaw chucks, see illustration, which 
will accomodate all the varying dia- 
meters of shafts and flanges, which 
are likely to be met with. The 
bearings are accurately divided for 
four or six throw crankshafts, special 
provision being made for gecuring 
the crank pins in correct alignment. 
As the throw blocks are mounted on 
ball journal bearings, tortional stresses 
in the crankshaft whilst it is being 
ground are reduced to a minimum. 
See illustration of the type of machine 
offered. 

As a plain grinding machine it will 
accommodate work such as the grind- 
ing of automobile pistons, valve faces, 
and stems, axles, gear box shafts, 
knuckle joints, and transmission 
shafts, together with all the other 
cylindrical details of the modern 
engine, and transmission which are 
normally ground at the time when 
the engine is first assembled in the 
manufacturers works. 

In addition to the above it is 
possible to fit to this machitfe an 
internal grinding attachment for the 
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regrinding of motor cycle cylinders, 
and bushes, etc., this additional 
equipment involving very few extra 
parts and no structural alteration to 
the standard 18* x 60* capacity 
machine. # • 




Cylinder Re-grinding 

•The Churchitt No. 1 cylinder 
grinding machine has ample capacity 
for handling all standard Inotor-car 
four and six-cylinder ^blocks, also 
motor lorry four-cylinder blocks. 

The outstanding features of the 
machine are its extremely digged 
construction, 6* of vertical adjust- 
ment to the spindle, and the general 
principle underlying the design of the 
machine, which principle ensures the 
minimum of overhang when grinding 
the largest sires of work, and the 
provision of cutting conditions which 
are absolutely constant throughout 
the whole machining operation. 

With the travelling wheel-head 
type of cylinder grinding machine, 
such as the one offered, there is not 
the disadvantage of reciprocating an 
unweildy overhanging cylinder block, 
and this condition results in con- 
sistently accurate and rapid pro- 
duction. 

Another feature of the machine is 
the facility with which the detachable 




Valve Grinding Attachment 

grinding snouts can be removed, as 
will be seen from the illustration. It 
is only necessary to take out the four 
bolts running through the snout 
flange. The illustration shows the 
grinding snout in position, with the 
two sizes of pulley supplied for fitting 
to the fixed end of the grinding 
spindle, these pulleys being supplied 
so that the correct speed of the 


' k* ;l 
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grinding wheel may be maintained 
throughout the varying diameters 
which have to be used. 

Included with the machine equip- 
ment are also provided a couple of 
angle plate fixtures, which will 
accommodate practically all the car 
and lorry engine cylinder grinding 
work which the machine is likely to 
be called upon to perform. < 


Messrs. CHAS. WALMSLEY & Go. Ltd., BURY, LANCS. 

THE •BAMCfUS PAPER MAKERS’ ENGINEERS 
• — Jiave now linked up with 

Sir W. G.- ARMSTRONG, WHITWORTH & Co. Ltd. 


Pot some time past rumour has 
been busy connecting the name of tte 
famous makers of Paper-rdaking 
Machinery, Messrs. £has. .Walmsley & 
Go. Ltd., ftury, Lancs., with that 
of the Armstrong, Whitworth Group, 
and we are very glad t<f be able to 
state' that rumour has not proved 
wrong. . , , 

As our readers will doubtless know, 
Sir W. G. Armstrong, Whitworth & 
Co. Ltd., established some time since 
a large Hydro-Electric Department, 
no* busy in all parts of the 
and eadeptionally so in wood 
* pulp producing re^w of the Northesn 


• Countries, and it is only natural that 
a combination between the two firms 
should prove advantageous to both. 
On the other side Walmsleyl have 

* reacted such a high standard Of 
excellence in the manufacture of 
paper making machines, that they 
occupy a premier position, not only in*< 
Great Britain, but in Canada, and 
wherever paper making machinery is 
installed 

The new Walmsley Company Ltd. 
will retain the services of Mr. John 
Wolstenholme as Managing Director, 
and Mr. William Adamson as Tech- 
nical Director, but in view of the 


absence of Mr. Wolstenholme abroad, 
Mr. Adamson will act as Deputy 
Managing Director, and will work in 
the closest connection with Sir W. G. 
Armstrong, Whitworth & Co's. Hydro 
Electric Department, at 8, Great 
George Street, Westminster, S.W., 
whose offices will be used as the 
London Offices of Walmsley & Co. 
,Ltd. . 

This working arrangement arrived 
at between the two firms, will enable 
the Walmsley' Company to take 
advantage of the world-wide organisa- 
tion of Sir W. G. Armstrong, Whit- 
worth & Co. Ltd. , .> 
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Low Temperature Carbonisation (iv) 

By DAVID BROWNLIE 

II.Hc. Hons. ‘Fond.;, V C.S . A.M.I.MIn.K.. Mem. Am. Soc. M.K., A.I.Mrch.F... etc. 

• 

In llus the fourth of our senes of articles on Low Temperature Carbonisation, 

Mr. lirownlie deals with the pioneer work of Messrs Hrilish Oil c ; >- Fuel Conservation f Mi. 


T HK " Furman ” piocrss lit 
low # temperature wr 
bouisatinii is controlled by 
Messrs. Ihitish ( >il ami Fuel 
Conservation I,td.. 5 I h i he 
Road, Willcsdon, I/omlon, ot which 
Mr. N. H. Freeman is the Teehnieal 
Director. 

The design of the " Freeman ” 
Multiple Retort is liased essentially on 
the fact that there is a number of 
definite and critical temperatures in 
the carbonisation of coal, and the 
retort is divided accordingly into a 
number of stages or zones, each of 
which is kept at a definite temperature 
by means of special accurate auto- 
matic control mechanism. The coal 
passes in succession through the 
different stages, and remains long 
enough in each for the particular and 
definite reactions to take place, and 
all the volatile products to be 
separated before passing in older to 
the next zone. 

Thus, the first stage is the removal 
of occluded gases and water, which, 
according to Mr. Freeman, commences 
at 212 deg. F. (1(H) deg. C.). and may 
go on until as high as 5(N) deg. 1\ 

, (200 deg. C.) The next stage begins 

with most coals at about 450 deg. F. 
(232 deg. C.), continuing as high as 
about 050 deg. F. (343 deg. C ). and 
consists in the metamorphosis of the 
greater part of the coal substance 
into a partially soluble form. During 
this stage no oil, and very little gas 
comes off, which in fact cannot 
happen until the transformation is 
complete. There is no apparent 
".change in the constitution of the coal, 
but Mr. Freeman states that the 
process can be followed# by taking 
samples and determing the amounts 
of oil by extraction in a “ Soxhlct " 
apparatus. 

The third stage is about 250 deg.F. • 
higher than the second stage, and the 
distillation of the low Wmiperature oil 
commences and finishes during this 
period, whilst also most of tlft gas is 
given off. The temperature is not as 


a rule, however, allowed to exceed a 
maximum of about SIN) deg. F. 
(42b 0 deg. C ), and Mr. Freeman pro- 
poses to call this tin- critical tem- 
perature which differentiates low from 
high temperature carbonisation. He 
is of the opinion that immediately 
above this temperature the carbonisa- 
tion assumes a different character, tar, 
pitches, naphthalenes, anthracenes, 
phenols, and similar substances being 
formed, together with an abundant 
evolution of free hydrogen, which are 
characteristic of high temperature 
carbonisation. 

As already stated, the “ Freeman M 
Multiple Retort is designed so as to 
submit the coal in succession to these 
various critical temperatures, and is 
constructed with six stages, the last 
of which is a cooling zone to enable 
the residual low temperature fuel to 
be discharged into the air without 
difficulty. • 

The retort and general plant at 
Willesdcn is illustrated in detail in 
the section drawing Fig. I, and in 
the frontispiece of this issue* # The 
complete installation includes coal 
pulverising and conveying plant, Fig. 
4, one retort with a capacity o{ 10 
tons of coal per day of 24 hours, an 
oil refining plant capable of handing 
500 gallons of oil a dav, a Jptal 
gasification plant of 2.1-5 tons solid 
fuel a day, a desulphurising plant,* 
and a briquetting and powdered fuel 
plant. The “ Freeman ” retort is « 
also particularly applicable to the 
distillation of shale, torbonite, and 
similar material, and in fact was 
originally designed for this purpose, « 
and subsequently adapted for the 
carbonisation of coal and lignite af 
rfinv required temperature, the in- 
stallation i«t Willesden being designed 
to handle any of tlies^fuels. A view 
is also shown of the laboratories where 
sample 10 lbs. of fuel can be tested. 

The retort is of the vertical con- 
tinuous type, having a height of 
about 37 feet and a diameter of 5 feet. 
The coal, or other fuel, roughly 


pulvi*iscd so as to pass through a 
10 s mesh sieve is conveyed auto- 
matically into the hopper (A), Fig. 1, 
and is fed continuously through the 
feeding valve (B), actuated by means 
of an eccentric driven from the main 
drive, into the first chamber or zone, 
each ot these chambers being marked 
(C). These chambers are heated by 
producer gas which enters through 
the pipes shown, and by means of 
the " Freeman ” automatic regulat- 
ing mechanism which will be des- 
cribed shortly- each chamber is main- 
tained at a constant tenqjerature. 

The pulverised fuel is stirred con- 
tinually by means of slow moving 
ploughs or scrajwrs (1,1,) attached to 
the. horizontal revolving plate (K), 
driven by a central vertical shaft. 

1 he fuel is in each of the chambers 
approximately 17 minutes, and is 
maintained at 350 deg. F. f or this 
time in the first chamber, whilst 
being kept in slow motion so to 
expose every particle of the coal to 
Hie action of the heat. The occluded 
gases and practically all the moisture 
is driven off in fliis stage, the volatile 
products reaping through the pipe 
# y>). When the qpal Has completed 
its travel round the chamber in 17 
minxes, if (kills through the chute (M) 
into The second chamber below. Here 
the tenifierature is maintained at 
450-500 deg. I\, being, as before, 
stirred slowly and kept in this stage 
* for 17 minutes. Here the remainder 
qj the moisture is driven off through 
pipe (* >-) • and the transformation of 
the coal substance takes place. In 
► the third stage The tenfperature is 
(300 (leg. F., and a considerable 
amount of # light oil is given off, 
together with gas, the volatile pro- 
ducts as before passing through the 
exit pipe (D). Dfcch of these exit 
pipes (D) is connected to a coal 
condensor (H), cooled* with water. 
The condensed liquid products collect 
in the receivers (G), and the gas 
passes on to the gas main (F) con- 
nected to a gasometer. 0 
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The illustration in Fig. 1 is only 
for a (our stage retort, but the 
* modem installation at Willesden is, 
as shown in the frontispiece, a 6-stage 
retort, which is now the standard 
type. The principle and method of 
construction is, however, exactly the 
same, with producer gas inlet pipe, 
v*tttomatic temperature control to 
e$$h jfttage, gas outlet pipe, condenser, 
and gas main. 

In the fourth stage the temperature 
is 660 deg. F., and a considerable 
portion of oil and gas is evolved, 
whilst in the fifth stage the tempera- 
ture is 760-800 deg. I*., the last of the 
oils being driven, off. The last stage 
is simply a cooling chamber, with a 
current of cold air passing round the 
outside. The low temperature fuel, 
being of course in the pulverised 
condition, is then discharged through 
the discharge pipe (0) into a truck, 
or any convenient receptacle. The 
temperature of the residual fuel pass- 
ing through (O) varies from 106 deg.- 
400 deg. F, depending on the quality 
of coal and the speed of working, and 
the design of the cooling chamber pre- 
vents all danger of the fuel igniting 
when it first comes into contact with 
the air. The method of driving the 
retort will be clear from Fig. 1, 
consisting of vertical driving shaft, 


to which eaefy of the revolving fllates 
are attached, with horizontaf gfcar 
wheels driven by motoj. The power 
required is very small, being for this 
size of retort only about 5 H.P. 

An essential part of the “ Freeman ” 
retort is the u Freeman " precision 
temperature regulator, illustrated in 
Fig. 6. 

(A) is an air lead or tube to the 
source of heat, a separate regulator 
being connected independently to 
each chamber, the battery of six 
regulators being situated in the house 
on the left of frontispiece. This 
air lead terminates in an air bulb, 
which is placed directly in the heated 
chamber. The slightest change in 
the temperature causes a correspond- 
ing expansion or contraction of the 
air inside the bulb. This bulb is in 
connection with a short column of 
mercury contained in a glass tube 
(B) at a slight angle to the horizontal, 
and the change in volume in the bulb 
causes the mercury column to move 
accordingly, the mercury making a 
contact with the point (C), the 
position of which can be adjusted by 
the fine screw thread (D). Also in 
direct communication with the air 
lead (A) from the air bulb is a column 
of oil contained in the vessel (F), in 
which a glass tube (K) dips below 


the surface, forming an ofl ft^ 
which also serves as a jsonyenfeat 
indication to the attendant qi to tfe 
change of temperature in th* cham- 
bers. The horizontal mercury column 
(B) is lfounted on a trunnion (G), so 
that it can be routed as required and 
brought, if neqfssary, almost com* 
pletely horizontal, the smaller the 
angle to the horizqptal the mom 
sensitive being the instrument. A 
valve is fitted in tiie producer gas 
supply pipe to the chamber, operated 
either by a co!hpressed*air piston, or 
a solenoid magnet, operated by a 
nitrogen tube switch (H), actuated by 
an electro magnet (I). This magnet is 
excited when the mercury column 
(B) makes contact with the point (C). 
(J) is a pilot lamp, (K) a socket for a 
resistance lamp, and (I,) a double 
pole switch. 

It is claimed that this mechanism 
is so sensitive that the temperature 
can be controlled to 1 deg. F., and the 
results obtained with the “ Freeman ” 
retort are only possible because of 
this sensitive and automatic control 
of the temperature. The apparatus 
can, of course, be used for the control 
of temperature in any process, and in 
addition to that of the carbonisation 
of coal, shale, and other solid fuels, 
has a wide application in such varied 





View of one of the l.uborutorieit at Wlllesden 


industries as the heat treatment of 
steels and alloys, the annealing of 
glass, in the pottery and ceramic 
industries, oil refining, biscuit manu- 
facture, in the dye, explosive, and 
chemical industries, etc. The bulb is 
made of any desired material, metal? 
glass, silica, porcelain, carbon, etc., 
according to circunfctaiccs, In the 
case of the low temperature car- 
bonisation of* coal, being usually o| # 
steel. 

For a large scale installation^ the 
most satisfactory unit is a retort of 
100 tons of coal per 24 hours, the 
height being |5 feet, the diameter 16 
feet and the total horse power re- 
quired 40, whilst the capital cost is < 
very low in comparison with mo<4 
low Jemperature carbonising plants. 

As will be seen the working of the 
fetort is ccmtinuou£ and* automatic, 
the labour and attendance required 
being reduced to a minimum, whilst 
the total time of carbonisation is 
under two hours. The speed of the 
working of the retoft can, of course, be 
controlled at will, according to the 
quality of the ’fuel, and the nature of 
the products required. For average 
coal, as already stated, the duration 
of each stage* is 17 minutes, being a 
total of 102»miautes. It is claimed 

M 


that this retort obviates most of the 
difficulties of the low temperature 
carbonisation of coal, such as the 
U'ttutli of time required, inequality of 
carbonisation, irregularity in quality 
of the fuel produced, together with 
high capital outlay and huge ground 
area rAjuired for the plant. The yield 
obtained by this process from one 
ton of average coal, coking and non- 
cokkig together, in approximately the 
same proportions as they occur in the 
Brijish coal-fields, is as follows 

l^M) cubic feet gas (750 B.Tb.U. 
per cubic foot). 

• *25 gallons oil. 

15-15|cwt. of residual smokeless 
fuel. 

No ammonia is formed in this 
process, as the final temperature Ls 
not high enough to decompose the 
> nitrogenous organic matter of the 
coal to form ammonia, this reaction 
Silly commencing at about 850 deg.F. 

The gas evolved, although small in 
amount, is of very good quality, being 
rich in methane and in ethylene com- 
pounds. The oil yield is not only 
very high, but the product is also 
extremely valuable because of the 
almost entire absence of " cracking ” 
during the process. The yield of 
motor spirit obtained on fractionation 


is extremely good, being about five 
gallons. There are no phenols, 
eressols, naphthalenes, or anthracenes, 
characteristic of cracking and high 
temperatures, and about eight gallons 
of lubricating bases can lx* extracted. 
The crude oil can, of course, be used 
direct as fuel oil, whilst after the 
separation of the five gallons of 
benzole from the 25 gallons of crude 
oil, at least 10 gallons of tile residual 
oil is suitable for " Diesel " engines. 
The oil residues also contain no pitch , 
or free carbon. 

The residual smokeless fuel in the 
rough powdered condition has about 
74) per cent, volatile matter still 
present, and something like 80-85 per 
cent, fixed caTbon, and it is claimed 
that the percentage of fixed carbon 
is higher than that of any other low 
temperature process. This residual 
fuel can be utilised in various ways. 
In the first place it may, without much 
extra trouble, be further pulverised 
and used instead of coal for powdered 
fuel firing. Also the temperatures in 
the different stages may be altered so 
that, if the oil vield for a given coal 
is not high, more of the volatile 
matter yiay be left in. This type of 
residual fuel is then particularly 
suitable for briquette making, prac-* 
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the following analysis: — Moisture 5,3 
per cent., ash 14.85 per cent., volatile 
matter 24M per cent., and fixed 
carbon 54.90 per cent. 

The irield from 1 ton of this coa 
as recaved was 1133.4 cubic feet ol 
gas of high quarfy (670 B.Th.U. pel 
cubic foot), 257.9 lbs. of oil (corres 
ponding to 25J gallons of oil per ton) 
221.7 lbs. of water dhd 1692.3 lbs. o 
residual fuel. The analysis of thL 
fuel was* 10.39 per cent, volatile 
matter, 73.26gper cent* fixed carbon, 
and 16.35 per cent. ash. In this 
particular experiment the temperature 
in the fifth chamber was liigher than 
usual, the maximum being 883 deg.F. 
(482 deg. C.), but the evolution of alt 
oil and volatile products had ceased 
at 820 deg.F. (438deg.C.) 

Mr. Freeman contends that a 
greater part of the millions of tons of 
small and refuse coal dumped round 
the pit heads, or left down the pits, 
could be economically employed in 
his multiple retort for the prodifction 
of gas, motor spirit, naphtha lubricat- 
ing oils and greases, or for fuel oils, 
which would be worth £2-3 per ton 
based on the coal, whilst the residual 
fuel would be equal in value to the 
original coni. It may be pointed out 
also that the residual coal can be 
used alone, or mixed with coal, in any 
existing high temperature carbonisa- 
tion plant. 

* Although this scries of articles is 
not concerned with the distillation of 
shale, it will lx? interesting to devote 
a short space to this question, since 
the “ Freeman ” multiple retort is 
specially applicable to shale distilla- 
tion. There is jjo question that two 
of the mos^l important industrial 
problems Are the low c temperature 
■carbonisation of cofcl and the distilla- 
tion of simile. The known shale 
tically no binder being required. One either for lighting, or for the prodflc- deports of the world, calculated as 
of the great advantages claimed for tioti of power in gas engines. The actual heat in the form of shale oil 
the M Freeman ” retort is that it is “Freeman" plant for the complete* content, art infinitely greater than the 
flexible, and the treatment can be gasification of the residual fuel is coal and lignite reserves put together, 
varied without trouble according to continuous in operation, and the # and no systematic attempt ha9 been 
the quality of the coal. In the case producer gas fprmcd is of high made as yet to find shale.. The 
pf many low volatile coals it may not quality. It is claim®! that whilst in grid’s petroleum reserves, which are 
pay to separate the maximum amount ordinary towns gas practice, using a failing, are infinitesimal as cornered 
of oil, and each case has to be con- good quality coal with low ash # and with the oil in shqle. c 
sidered on its merits. Generally hJfeh volatile content, the average # Vast shale deposits occur in Greal 
speaking, it docs not pay to retort yield of gas Is 20,000 cubic feet of gas* Britain, especially in Norfolk, York* 
specially for oil if the volatile matter per ton with 10 gallons of coal tar, shire, and Borsetshire, but the onlj 
is' less than 20 per cent., and if only a “the same ^oal in the “ Freeman ” development. of any importance is ir 
few gallons of oil are to be obtained, multiple retort will rive 25-35 gallons Scotland. The prqpess of shale dis- 
then it p much better left in for . of high grade oil, and 65,000-70,000 filiation consists in heating the shah 
briquetting, to increase the efficiency cubic feet of gas. in various types of retort, anything 

of the powdered fuel firing, or to give The figures mentioned are averages, from say 25-150 gallons to the ton ol 
a richer gas in the case of total but it will not be without interest to oil being obtained, according to tin 
gasification. give the actual results obtained with quality of the shale, together wit! 

Another very convenient method a particular coal, an unwashed Derby- varying amounts gas. One of tlx 
'p{ utilising the fuel is total gasification, shire slack of inferior quality, with great problems has always been tc 




find a use for the residual spent shale. 
Mr. Freeman intends that the present 
general methods pf shale distillation 
are on Wrong lines, and to get the 
best results it is necessary to heat it 
iu succession at various cridAl tem- 
peratures, on analaftous lines to the 
low temperature carbonisation of coal. 
Also shale must be distilled at low 
temperatures, and much of the 
valuable products are destroyed in 
the present general methods, because 
of excessive temperature. All shales 
contain more or less water, and this 
Is driven off in the first stage of the 
retort as already described for coal. 
Mr. Freeman is of the opinion that 
the critical temperature of most 
shales is 660-750 deg F , this being 
the narrow limits within which the 
oil coflies off, shale being in this 
Respect similar to coal, and if the 
temperature exceeds 752 deg. F. 
(400 deg. C.), much of the valuable 
oil is destroyed, whilst at the same 
time pitches and tars are produced, 
wliich make the oils very difficult to 
refine because of their emulsifying 
action. The “ Freeman ” retort was 
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de%n«d on .the theory \hat in order 

to get the maximum economy in-shale 
carbonisation, ft is necessary that the 
shale should be in a roughly pulverised 
condition, the temperature must be 
in different stages under control, the 
contents of tire retort mast be 
constantly agitated to prevent the 
vapours being entrapped, and to 
allow them to get away as soon ns 
jKissible to prevent cracking. British 
shales treated in this way give 40-80 
gallons of oil per ton, together with 
1,500-2,000 cubic feet of gas, and it 
can be taken as a practical figure 
that every 1 per cent, organic matter 
in the shale will give 1J-1J gallons 
of moisture-free oil per ton of shale. 
In this process also the residual spent 
shale can be utilised in a total gasifica- 
tion plant, the yield being 1,000 cubic 
feet of gas for each 1 ])cr cent, of fixed 
carbon in the residual fuel per ton of 
residue. In averages, the fixed carbon 
content of this residue is 30 per cent., 
corresponding to 30, 000 cubic feet of 
gas per ton, the gas having an average 
quality of 300 B.Th.U. per cubic foot. 

The figures for a typical Norfolk 


shale of 27.45 per cent, organic 
volatile matter are as follows -The 
oil began to distil at 460 deg. F., ana 
nt 710 deg. F. the yield was 41 gallons v 
to the ton. Any further increase in 
temperature resulted merely in wax, 
tar, and heavy pitch. 

Another typical sample of a Norfolk# 
shale was 6.2 per cent, as ffee vjut^, 
the fixed carbon being 18‘per cent., the 
ash 41 per cent, and the total volatile 
matter, including free* water, 41 per 
cent. In the “ Freeman M multiple 
retort this shale gave 13.55 per cent, 
total water (7.30 per cent, free and 
0.25 ]>er cent, combined), 17,95 per 
cent, oil, 7.42 per cent, as gas (3,500 
cubic feet), and 00.71 per cent, as 
spent shale residue, with 0.37 pet 
cent. loss. The specific gravity of the 
oil was 0.973, and the yield corres*' 
ponds to 41.32 gallons per ton of 
raw shale. The gas is luminous, the 
last portions being highly luminous. 
The spent shale residue is 6.00 per 
cent, volatile matter, 40.97 per cent, 
fixed carbon, and 53.03 per cent. The 
maximum temperature at which the 
output of oil ceased was 680 deg. F. 
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The World’s Oil Production 


I N connection with the great 
publicity that bus ^een given to 
the possibilities of oi^ firing, the 
figures *for the world's oil 
production of 1921, recently* 
published by the America* Petroleum 
Institute, will be of great interest. 
It is difficult to get exact figures in 
some instances, particularly Russia, 
but the total production for the 
year is just over 700,060,000 barrels. 
The United States production w^ 
470,000,000 barrels, and as the -home 
requirements were 625,000,000 barrels, 
considerably alarm ris being felt at 
the threatened approaching exhaus- 
tion of the American oil wglls. Hence 
the great interest evinced by the 
United States in the Mexican oilfields, 
the production of which has in- 
creased enormously, being now 
about 190,000,000 barrels per annum. 

In "connection with the suggestion 
to adopt oil firing, it is interesting to 
remember that in the first place over 
• 80 per cent, of thf oil production of 


the ^v<frld is controlled by American 
financiers, whilst Great Britain con- 
trols less than 5 ]>er cent. Of the 
2J f>er cent, produced within the 
British Umpire, India produces U 
per cent. Secondly, the present 
world's output of 700,000,000 barrels 
is only sufficient to replace 175,000,900 
4<ins of coal, or alxmt 12 per cent, of 
the world's output, and not sufficient 
, to replace the coal used in Great 
Britain alone. Finally, also, there 
is no certainty of supply with the oil, 
and the present known reserves are 
9 failing, whilst there Is enough coal 
in the world to last over 4,000 years. 

• It is not to be wondered at, there- 
fore, that oil is far too expensive in#, 
comparison with coal, and* when the 
price in Great Britajn is about 
£2 10s. a ton, as compared with coal 
at say 35s., we can then consider the 
matter seriously. 

In connection with oil, increasing 
attention is now being given through- 
out the world to the distillation of 


slrnle, and the production of slutle 
oil. Average shale on distillation 
gives about 100 gallons of oil to the 
ton, and considerable improvements 
in the process have recently been 
effected by the Colorado School of 
Mines (U.S.A.), Research Department. 
A big development is also pending in 
Australia, where a plant Is now in 
operation at Joadja (New South 
Wales), which it is expected will 
produce 15,000 gallons of oil a day 
before the end of the year. Further, 
two British syndicates have been 
granted concessions to exploit the 
shale deposits in Esthonia, the pro- 
posal being* to Lay a pipe line direct 
to the Baltic ports. Shale exists in 
the world in almost inexhaustible 
amounts, far exceeding even coal ahd 
lignite, and there is every possibility 
that iu the future shale oil, together 
with the oil produced by the low 
temperature carbonisation of ooal, 
will prove a formidable rival to 
petroleum, • 



Recent Machine - Tool Developments 


Some remit machifle tools designed {or 
special work are described in this article. 


W K have received some Messrs. Joshua Ihickton vS: Co. Ltd., 
interesting particulars, of lyeeds, for use in railway shops, 
together with illustra- Space forbids us to discuss general 
tions, from several well- purpose machines, such as slotters, 
knowai British machine drills, and light lathes, which would 
tool makers, and propose to devote of necessity form part of a complete 
this article to a brief summary taken plant for the manufacture of railway 
from the information which these equipment, but will confine our- 
firms have supplied to us. selves to a few special tools. 

We will deal first with some of the These will be considered under the 
machine tools manufactured by headings of tools for (l) Plates and 
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frames, (2) Wheels and axles, (3) 
Spring* work, (4) Rails-points and 
crossings. 

Plates and Frames 

The Buckton Plate Edge Pftmers, 
l'ig. 1., are to be found in the leading 
locomotive, ’ marine, and industrial 
boiler shops in England, and on the 
Continent. They arc driven by belt 
or motor as may be desired, an(> are 
all designed with automatic reversal 
of the saddle. They are arranged for 
cutting on both strokes, with or with- 
out automatic vertical feed, and are 
driven either by quick pitch screw or 
in the largest sizes, by spiral pinion 
engaging with a rack fixed to the bed. 
The holding down of the plates is 
effected by screws or hydraulic rams, 
and the machine admits plates of 
«inlimited length. 

The standard frame plate slotter 
is a massive machine carrying three 
travelling heads with uprights r.nd 
cross member cast in one. The 
hlads may be placed facing in the 
same or.in opixxsjng directions. Each 
head carries saddle with its in- 
dependent fnotor driving the slotting 
tool for rectangular^ taper or circular 
slotting. The rams are counter 
balaitfed, and all the driving 
mechanism is enclosed and lubricated 
by a constifnt cascade of oil. 

They also manufacture* four and six 
spindle tube plate drills, with balanced 
'spindles independently controlled and 
a Ranged, if desired, for tapping. 
They are designed for drilling holes 
up to 2$ ins., (64 rpm.) diarn., at high 
# speed. , The lubricating arrangements 
are very complete. Another special 
type is an ^ or 10 spindle drilling 
machine for wagon knees and bars. 

» 

Wheel and Axle Shop 

Admits many specialised tools for 
the economic and rapid production of 
its output, though these still exist 
works which sacrifice efficiency by 
the use of general purpose machines. 
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which are not specially adapted for the work in both headstocks may be 
the work. controlled at the same time by one 

though Bucktous’ make general man. Each unit is fitted with two 
purpose machines, their special plant 
is becoming more and more the 


saddles, whose slides have hand and 
self-acting feeds. The drive is by 
independent electric motors. 

Wagon and carriage axles are 
turned in a double ended lathe, 
designed for turning the axle journals 
and wheel seats at one setting, the 
axle being driven bv a central head# 
stock so arranged as to pjev&nt 
distortion of the axles. The two 
saddles have self- acting feed ill either 
direction, and automatic knock-off 
gear. The handles for reversing and 
changing the feeds are brought under 
the central headstock, within easy 
reach of the operator. 

both this machine and a special 
crank axle lathe are the outcome of a 
long experience of efficient lathe 
design, and an intimate knowledge of 
the requirements of modern railway 
shops. At this point we may consider 
the hydraulic wheel press for pressing 
the wheel centres on to their axles. 
These have been made, develoved and 


recognised standard. First in order 
of process, among the special machines 
to be now considered, Is the Vertical 
Boring and Turning mills (Fig. 2), 
for turning wheels and boring and 
turning tyres on all the machined 
faces. These machines are of ex- 
ceptionally massive and powerful 
design, for taking the heaviest 
cuts on hard tyre steel. The cross 
slide is fixed and carries two tool 
slides, each with self-acting feed 
motions for horizontal, vertical or 
angular cuts and balanced by counter- 
weight. Each is fitted wjtli inde- 
pendent control. Tilt? circular table 
is fitted witl^ a 5-jaw concentric chuck, 
for internal or external gripping. The 
drive is through chanjje speed geat 
box by belt or motor. # 

For boring and facing the boss of 
wheel centres, they nuthufacture a 
Special Min (Fig. 4), provided with 
a vertical counter balanced boring 
bar of 10 J in. (267 mm.), and where 
desired, with a horizontal hub fading 
slide. A pneumatic crane may be 
fitted for handling the .work. 

It is especially noteworthy Jhat till 
gearing and the wide bearing surfaces # 
of the table of both theSe heavy duty 
machines run in a complete oil bath, 
in which the working surfaces are 
submerged. 

Another method of boring tyres of 
medium diameters is by means of the 
Buckton Duplex tyre boring lathe. 
This machine consists of two self- 



contained units, served by an over- 

head run way. 'and so designed that /M ‘“ B “‘V * c * 
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Spring Work 

A large number of the tools found 
in the spring shop are of special 
design. .These are, of course, to be 
found lunong Messrs. Bucktons' 
manufactures. 

As examples, may be mentioned the 
spring punching, shearing, nibbing 
and slotting machi«?s. But they 
have developed in addition, various 
forms of testing machines, one 'of 
which is illustrated (Bij*. 3), for the 
use of railway works spring manu- 
facturers, arranged for drive by belt, 
motor # or hydraulic power. These 
machines are in regular use by many 
great railway systems, amongst which 
may be mentioned the Belgian State 
Railways. Scragging may either be 
done on a special machine, oi* on a 
spring testing machine provided with 
wedging mechanism so as to relieve 
the weighbridge of the shocks of 
repeated compression. The same 
machine may be used for lamin&ted 
and helical springs, and in the standard 
patterns exercise a maximum load 
of 35 tons (35,000 kilos.) 

Rails, Points, and Crossings 

The need for special rails, points 
and crossings has called for special 
consideration of the plant for pro- 
ducing them. Messrs. Bucktons make 
several important machines for the 
Accessary processes. Fiist in the 
list, we will take the bender and 
straightcncr. The duty of this tool 
requires no explanation, but it € * is 
e^ential that it should be able to 
perform this duty with a great degree 
of exactness. # Tlgs is allowed for on 
the Buckton type in designing the 
control of the moving ratn. In pass- 
fog we would note that the same 
machine may be used for bending or 
straightening girders. Next, the ends 


supplied by Bucktons’ from the 
earliest days when they were called 
into use. They are for 150, 250 or 
350 tons capacity to take wheels of 
any specified size. The main cylinder 
and pressure heads are of cast steel. 
An adjustable lifting sling is curried 
overhead. The machine carries a 
set of motor driven pumps to give 
the necessary hydraulic supply. 

, An automatic recording pressure 
gauge may be fitted when desired. 

Finally, in this department is the 
wheel lathe, designed for finishing 
the tread and flange affcr the wheels 
are mounted on their axle, or for 
returning tljem when worn. Of these 
tfoey have a wide range of designs, 
varying b$th* In sine and in weight," 


for heavy or light duty. The usflal 
fruits are from 3 ft. bins. (1005 mm.)* 
to 7 ft. Oins. (2285 mm.), diameter 
of wheel tread, and from 5 ft. 4 in. 
(1025 fom.), to 9 ft. 9 in. (2970 mm.), 
between the centres, sfccording to the 
gauge of railway to be served. A 
distinctive feature of the larger 
machined is the internal ring of ait 
gear on the faceplates, providing the 
final drive. Back saddles may be 
provided in 9 addition to front ones if 
required. The methods of wheel 
• grippingr tool holding, calipering and 
the withdrawing of the centres have 
all been itfbSt carefully studied down 
to the lA$t detail, with a view to 
increasing* . the output- of ' these 
machines with the least possible loss 
of time in handling. 


of the rails must be dressed. In the 
, Buektou lending machine, the rail is 
held stationary in a vice while the 
gutting head, with its revolving blades, 
is traversed by power towards the 
raif; on the completion of the cuts 
the head can be rapidly returned r to 
jjts original position. c 
The drillmg and ovalling machine, 

. winch follows^in the natural sequence 
of manufacture, has horizontal spindles 
for drilling four simultaneous holes 
in the heaviest rails and at high speed. 
The spindles are in pairs on each side, 
adjustable from 7 ins. (178 mm.) to 
14 ins. (355. mm.), apart with dis- 
engaging stops adjustable for any 
depth of hole. . # v ^ 

The ovalling is done by band motion 
The roil planing machine' for points 
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-and crossings has been developed 
from the general purpose planer. It 
is capable of the heaviest duty, 
cutting hard rail steel at a high speed. 
To provide for point planing* there is 


_ _ _ uju t 

earned on the main reallocating 
table a second ta% of full length, 
which may be tilled out of the 
horizontal by means of powerful 
screws and locked at the required 
angle. This machine (Fig. 5) Is the 
most powerful and reliable rail planer 
yet designed, # and Is u#ed by numer- 
ous railway administrations as well 
as by contracting firms. 

A method of testing 3-jaw chucks 
is illustrated, showing a new setting 
guage, which Messrs. Alfred Herbert 
have just devised to simplify the 
setting of the three jaws to the same 
diameter. Hitherto, this firm have 
always relied on the serrations, and 
the concentric rings turned in the 
face of the chuck. This, however, has 
not always proved satisfactory, and 
so they have designed the guage 
illustrated. 

By the use of this gauge, it is a 
very simple matter to set the three 
jaws concentric, so that they will 
grip any desired diameter without 
trial. The use of the gauge is clearly 
shown in the illustration, and needs 
practically no description. It con- 
sists, however, of a block which rests 
on the periphery of the chuck with a 
graduated rod, which can be set to* 
the diameter to which the jaws are 
to be fixed. Messrs. Herbert have 
alrtwdy thoroughly tested this gauge 
out in their own shop, and it has 
been found a very great time saver. 

The following tw^ special, dr tiling 
machines are by Messrs. Haighs 
(Oldham) L,tcl , and we ha^e extracted 
the following fromHhe firm’s specific* -• 
tion. # 

Four Head Radial Drill* 

The machine is arrangeddor dealing 
with girder pjate, structural and tank * 
drilling, and consists of four heads, 
each driven from a common shaft* 
by electric motor, each independently 
adjustable by hand along the common 
bed. 

The spindles ar 9 of high carbon • 
sted, and are driven through spur 
and bevel gears from* a variable #l 
speed motor. Three rates of feed to 
each spindle, which can easily be 
stopped, started afcd reversed. Hand 
feed motion is also fitted. Thrust is 
taken oil a ball race. 

The radial arms are of strong con- 
struction and are easily swung round 
as they are* mounted on ball and 
toller bearings. Efficient and con- ^ iud.Fu«« 


Simple Chuck Ouufte 



Alfred tferlxrl <S- l td. 


venient locking device carried on 
each saddle enables operators to lock 
each arm from the working position. 

The pillars have wide spread bases 
well gibbed to bed along wliicb they 
are adjustable by hand through cross 
handle rack and pinion. 

Multiple Drill ' 

This machine is designed for dflllilfg - 
small rivet holes, etc. It is used in 
conjunction with suitable jigs, and 
consists of troughed baseplate on 
which are mounted three standards, 
cross frame carrying the 10 gear 
heads each driving eight spindles, 
table, pumps and fittings. 

The Gear Heads each drive eight 
spindles, and are adjustable by hand 
along the cross frame, to which they 
can be bolted in the desired ]K)sition. 
The ten heads are driven through 


CAPACITY OP 3 AND 4 HI*' AD 

MACHINES. 

3 IIPAI). 

4 HIvAD. 

Diameter of spindle 


. :>r 


Bore ,, ,, nose 


No. 4 Morse 

No. 4 

Traverse 


. i.r 

15" 

Spindle s|>ccds single gear 


. 400 1 33 

4(H) -133 

double gear 


120 40 

120-40 

Feeds nits per inch. 


40 58 8/VI 3 5 

40 58 85-135 

Max. radius of spindle 


. 5' ,r 

5' r 

Min. ,, ,, ,, 


. 10' 

10" 

Max. distance spindle to table 


. 21" 

21" 

Size of table 


. 25' y 2' tt" 

40' 0" X 2 0 

Height of table from ground 


. 27" 

27" 

Centre of table to centre of l*d 


30* 

30" 

U-ngtli of lied 


. ar r 

30' 9" 

Max. centres of outer pillars 


ISO" 

33' 9* 

Width of 1 H*d 


. 30" 

30" 

Depth of lied 


. 18" 

18' . 

II. I*. of 3 to 1 variable speed motor 


. 25/30 

1 5/afi 

I-'fbor space arms swing full circle 


. 33' 0" y 14 0" 

48' 0" X 14' 0* 

„ 2 half 


.. 33' 0" y 11' 0" 

48' 0" X 9 0" 

Approx, net weight 


10 tons. 

20 tons. 

• Gross ,, 


17 tons. 

21 tons. 

Shipping space 


. I060cu.ft. 

1100 cu. ft. 




Hill' 

l 

to 

& v,‘ 4* •*< 


i; • 




& f .. 

: *r t : 

* 


' t$d£y «... s-*®***. .. 
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Puur Head Hudlul Drill 

mitre gears (roil) a common shall 
mounted on ball bearings, and fitted 
with fast and loose pulleys at each 
end. The central gear shaft on each 
head runs in ball bearings, whilst 
each spindle pinion shaft revolves in 
phosphor bronze bushes. The central 
gear and the eight pinions ate coin 
pletely enclosed, and efficient lubrica- 
tion is arranged to each bearing, 
ensuing remarkably quiet and easy 
running, b'ach spindle nose is bored 
No. I morse, and is carried in a long 
bearing bracket adjustable horizon- 
tally in any direction, and locked to 
the cross frame by two bolts. All 
the drill spindles are lilted with two 
universal joints, and telescopic shall, 
which will work smoothly up to an 
angle of 3d deg. from the vertical. 

Table Adjustment 

The Table is vertically adjustable by 
handwheel ; either direct through 
mitre gears to the two screws, or 
through powerful worm and wheel 
purchase, the former for raising or 
lowering (prickly, and the latter for 
actual cutting, the change from one 
to the other being made by lever on 
the front of the table, which operates 
a clutch sleeve between the direct 
mitre gear and the worn} reduction. 
The table and elevating gear is 
balanced by easily accessible weights 
hanging at the back of the machine. 
Ball thrust bearings are fitted to each, 
vertical screw, also to the mitre and 
worm gearing. 

Water Spray Pipes* 

The Baseplate is t roughed and 
arranged* to form a sump for the 


water service, the two pumps being 
driven from intermediate shaft, taking 
its drive from the main driving shaft, 
and serving a series of 40 spray pipes, 
the water returning to sump by way 
of table trough, and pi]>es. 

The Machine is supplied complete 
with necessary spanners and 
lubricators, and all gears are guarded 
where necessary. 


Submarine Engines for* 
Electric Power Stations 

War, it is a comfort to reflect, has 
its uses lor times of pence. esjf-ctally 


//.ii^As [O'dhum) lid. 

when"' it involves the captiuc of 
valuable engineering plant. When 
Germany surrendered its submarines, 
six of the engines thus provided were 
installed in a British electric power 
station, the total cost being about 
half the ruling cost of ordinary 
engines of a similar capacity. The 
engines were thoroughly overhauled 
and reconditioned by a British 
engineering firm before being put 
| into action again ; and as they were 
oil driven they proved of great value 
during the coal strike last year. 
They have also proved much ipore 
economical than the steam driven 
nets, which previously did the work 
in that station. 
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POWER AND POWER 

; TRANSMISSION 


Conducted by 

J. D. TROUP, M.I.Mech.E. 

1 


THIS SECTION DI^LS WITH THE SOURCES, USES AND TRANSMISSION OF POWER AND WITH THE 
:: :: :: :: DESIGN AND MANAGEMENT OF PRIME MOVERS OF ALL KINDS :: :: J! « / 


Receipt Developments in Power Production 

(Continued from frige III.) , 

The fallowing obstructs ore [non Mr I). L. Selby- Higge's 
paper read before the Iron and Steel Institute, London 


D IJRJNt* the past ten years 
remarkable improvements 
in steam turbine practice 
have been established by 
developing the use of 
higher steam pressures and higher 
superheat on the one hand, and by 
the adoption of higher turbine speeds 
on the other. The first of these two 
developments represents a direct im- 
provement in efficiency of the thermal 
cycle of the steam, whereas the trend 


towards high speed till bines oilers 
advantages in various directions, 
distinct features being improved 
steam economy and reduction in the 
size of the machine for a given output, 
resulting in reduced first cost and in 
saving of floor space. 

The general trend towards highest 
possible turbine speed must be viewed 
separately, as this particular develop- 
ment has only been possible owing to 
the improved methods of design and 


the production of high class steels 
for the running parts of the turbine, 
but to the great developments which 
have taken place in mechanical speed 
reduction gears. 

Mixed Pressure Turbines 

Mention must be made of the mixed 
pressure turbine, which has played a 
prominent part in the past. This 
type of turbine has rendered excellent 
services in connection with steam- 
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driven winders and rolling-mills, utilis- • 
ing from these engines the exhaust 
steam, wliich when exhausted to 
atmosphere would have constituted 
an appalling waste*. The growing 
centralisation of power production in 
collieries and steelworks in parallel 
with the electrification of the entire 
plant tends to lessen the field of 
^pnjication of the mixed pressure 
.turbine. 

Reducing Turbines 

A further type of turbine which in 
recent years has moved to the fore- 
ground is the reducing or pass-out 
turbine. This class is arranged 
Automatically to bleed steam at a 
certain pressure for process work, 
mainly in paper mills, oil factories, 
distilleries, etc., or for heating 
purposes. The turbine utilises the 
firesmtrc energy of the steam between 
the boiler and pass-out pressure, 
which would be entirely lost if the 
•steam for process work were tapped 
directly from the boilers through a 
reducing valve. When large quantities 
of low-pressure steam are required, as 
for instance in papier-mills, the saving 
in coal consumption with a pass-out 
turbine is very considerable. 

Actual test results of impulse 
turbines of the high pressure, mixed 
pressure, and reducing type are given 
in Tabic I., A, B, C, D, and R. Table 
IX. illustrates steam consumptions 
that may be reasonably expected with 
turbines designed for high steam 
conditions as would now be recom- 
mended for new plant. 

Turbo-Compressors 

The extensive application of com- 
pressed air in pneumatic tools for 
mining operations, for coal cutting, 
for riveting in shipyards, etc., has 
prepared the field for the advent of 
the turbo-compressor. One of the 
largest compressors built in England 
has a normal capacity of 30,000 
cubic feet of air per minute, com- 
pressing this quantity against 100 lbs. 
per sq. in. (0) Table I. (F) gives 
results of a test upon a compressor 
of 20,000 cu. ft. capacity, 100 lbs. 
per sq. in., delivery pressure. The 
air pressure usually requjjed for the 
ubove mentioned purpose varies 
between 60 and 120 lbs. per sq. in., 
according to the type of pneumatic 
’tools used, and to the length of the* 
distributing pipe lines. It is difficult 
to fix a limit for {he maximum 
quantity that can be conveniently 
dealt with by a turbo-compressor. 
On the Continent compressors have 


# # TABLE I. 

Test Results uv I'Kaae^ChHimiouj Rateau-Typp, Steam Turbines under 
H cTt'Ai. Working Conditions. 




*-j 

Size 


Steam 

Super- 

V r ac. at 

Test 

Steam Com- 

Ref. 

Type of Turbine. 

; in 

SjNxd in 
K.T.M. 

I ’resume. 

heat 

I 30* Bar. 

I^xtd 
in K.W. 

sumption in 


K.W. 

l.b./Sq/G. 

'“}»■ 

! i.JlK- 

Lb/k-w. Hr. 

A 

High pressure. 

! 

:I7.'»4) 

< h m 

160 

150 

7 

3728 

13.48 

It 

r.t h k > j 

1 -'.INI 

175 j 

123 

271 

5000 

14.0ft 

C 

• 

.j(HH) ; 

1 MINI 

HO 

1 

100 

2»! 

5600 

L •. . .. ... 

14.45 





Ml*. | 

i 



14.60 v 

L> 

Mixed pressure 

!<MM> 

3000 

160 

I Kill 

281 

010 




1..P. 

10 abs. 

1 

| D.S. 

28 

070 

29.35 






j 


• 

* 


!• 

Reducing 

i '.);>« 

! 3600/ 120 

ir>o 

j 130 

28 

1575 

16.45 








Coud. all 




1 





stenm. 





l&u 

ir.o 

28 

06 

26.35 




| 





Passing out 









15,000 lbs. per 
hr. at 10 lbs. 









per sq. in. 

F 

l urlu, Con- 

1 '-b, IKK) cu. tt. of air tier milt, at UU 

deg. 1. 30* 

Bar. against 1(H) lbs. 

_ , 


pressor 

per 

sq. in. G. 



lbs./hr. 



High pressure 


2*r»o 

ItH) 

06 

281 

37,700 


G 

7 m/mi- Mower 

3WKI cu. ft. of air pc 

r min. at 60 dc 

■g. 1\ 30* Bar, against 20 Iks. 




j P« 

sq. in. G. 




lbs./hr. 



High piessure 

3100 

160 

150 

27J 

32,000 

Noii-cool(jl 








blower. 


TAIII.K II. 

Sti:am Co.NM MIMION OF I'RASKH-ClIAIMI KS KAIKAIi-TYI'K Steam Tl KIIlNl.S UNPICK 
lMPKOYF.il SlKAM CONPI I II INS. 



Type of 

Size 

Speed 

Steam 

Pressure 

Total 

Vac. at 

Steam 

Ref. 

Turbine. 

in K.W. 

K.P.M. 

in I.bs. 

Temp., 0 !'. 

30* Bar. 

Consumption in 


! . .. 



persq. in. 

1 



lbs. per hour. 

A 

HP. 

6000 

3000 

300 

700 

281 

10.35 

B 

HP. 

3000 

3(MN) 

300 

7IHI 

28} 

10.7 

C 

11. 1*. 

KKX) 

6(HHI 

250 

♦ 

650 


12.1 geared. 


Author's Nitir. It remains to !>c proved in luluslriul practise whether the high pressures and superheat 
required to obtain these low steam consumptions arc not out balanced by maintenance cust on boilers, steam 
ranges, und turbines. 


MkTROPOI ITAN-VlCKKKf STKAM TURBINES. (RATRAU TYPE.) 
(Test result*^under actual working conditions.) 



! 

r ; 



"• 





1 

, Steam 

$ 



Actual 

Type of 

Size In 

R.P.M. 1 

Pressure. 

Super- 

Vacuum 

T*t 

Consump- 
tion in Lbs. 

Turbine. 

K.W. 

( 

I 1*9. P<*S 

heat. 

Hg. « 

lyOftll 




sq. lurG. 

deg. F. 


in K.W. 

per k.w.Ilr. 

High pressure 

5000 

30(H) 

• 170 

% 125 

28.5 

5473 

13.4 

50(H) 

3(HK) . 

1(H) 

1(H) 

2.85 

5500 

13.35 


31HH) 

3(HH) 1 

1 180 

200 

28.5 

3000 

12.57 

M M 

3000 

3000 

160 

120 • 

27.5 

2002 

14.38 


20(H) 

3000 

*460 

160 

28.0 

2015 

1490 

13.0 

Mixed prmftutc 


3(HK) 

H.P. 160 

150 

28.1 

15.4 

M ,, 

1500 

500 

l,.P. lfl 

dry 

27.5 


(l 




abs. 





M f 

1000 

2500 

H.P. 150 

150 

27.85 

091 

16.1 

ft 



I..P. 16 


27.75 

680 

32.0 

Reducing pressure 

lfloo 

3000 

abs. • 
200 

dry 

28J 

1000 

16*9 


When passing 30,000 lbs. per hour to heaters at 60 It*. per sq, in. G. steam consumption when 
developing 1000 lyr. measured 32.7? • « 


t 

RUNNING COSTS OP SUEZER-DIESEL ENGINES, 2,000 B.H.P. 


(Period January to October, 1922). 


(1) 1714 tons of fuefoil at £S 10s. per ton 

(2) 17.27 tons of lubricating oil at 4s. per gallon 

(3) 0.628 tons of cotton waste at 53s. jptt cwt. 
(41 Attendance — 1 chief mechanic, say 

(5) Five men at £i per week each for 40 weeks 

Total 


£ * 

... 9,440 0 0 (0.8 16d.) 

... 860 0 0 (a029d.) 

33 10 0 (O.OOld.) 

... ,338 0 0 (O.Olld.) 

800 0 0 (0.027d.) 

— ■ ’ • l Per , 

£\ 1,468 10 0 (0.384d.)| B H.R 

. - — — -r-3 . ; «( hour.'; 
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recently been built for. 40,000 cu. ft. 
air volume. 

Turbo-Blowers • \ 

Turbo-blowers aifcl turbo-com- 
pressors are in principle one and the 
same thing, the name turbo blower 
relating to machines working against 
moderate air pressures, say up to 
40 lbs. per sq. in. From the engineer- 
ing ]K)int of vi<jw there 4s hardly an 
upper limit, within reason, for air 
quantities that can be handled by 
turbo-type blowers, the limit being 
drawn by economic considerations. 
A common sue is the 35,000 cu. ft. 
blower. Anything above will rapidly 
increase the first cost without 
appreciably improving the running 
economy. The superiority of the 
turbo blower and compressor over 
the reciprocator is similar to the 
position the steam-turbine occupies 
in relation to the steam-engine ; 
reliability in operation, low cost of 
upkeep, and small floor space required 
are the prominent features of the 
turboblowers. 


Condensers 

Table 1. (O) gives a test result of 
a typical blast-furnace blower. 

With reciprocating engines little or 
nothing can be gained in steam 
economy by the installation of con- 
denses to give more than 20 inch 


• • * 

Hg. vaqpum with Bar, at ,‘10 ins,, but 

tliis does not ujiply to steam turbines 
with which the highest obtainable 
vacuum can be fully utilised. 

The requirement of the main- 
tenance of a high vacuum, with 
turbines, has been met by the 
designers and maker* of condensers 
and of auxiliaries for these, and 
recent improvements in the designs 
and efficiencies of centrifugal water- 
circulating pumps have been of great 
assistance in the economical operation 
of high vacua condensers. 

The available types of condensers 
may be classed under tlueo main 
heads, viz. : 

(1) Surface condensers. 

(2) Jet condensers with water ex- 

traction pumps and separate 
air pumps or other air ex- 
traction appliances. 

(!!) 1 vjector condensers with water- 
circulating pumps and no 
separate air pumps. 

With surface condensers the con- 
densed steam can be used for the 
boilers, and this has often led to 
their adoption where suitable water 
for boiler feeding was not available. 
Surface condensers are high in lirst 
cost, and their adoption may 
materially increase the cost of power 
station buildings. The use of con- 
densers of this type, where clean 
condensing water cannot be obtained, 
necessitates troublesome and costly 



Uiw l^vcl Jet 
C'OndvnRer 


I hi Mtrrlcn H'd/Wi 
Company U4 > 


cleaning of tubes and periodical 
renewal of these. 

Tlu* modern method ol dealing with 
boiler feed water by heat and soda 
ash, has extended the application of 
condensers of the jet, or ejector 
tvjH'S, with the advantages of reduced 
capital outlay, lower maintenance 
charges, and continuity of service. 



Water Cooling Plants 

Only in few cases will it be found 
where industrial sites are in proximity 
to a natural and adequate supply of 
water for condensing. This is not a 
serious disability as, with a loss by 
evaporation of about 80 per cent, of 
the boiler feed, the condensing water 
can be re-used after cooling in towers 
or by spraying over ponds. 

For high vacuum plants with 
artificial cooling the ratio of condens- 
ing water to the steam condensed 
should not be less than 60 : 1, this 
giving a maximum requirement of 
temperature ^reduction of 10 deg. F« 
for the cooling installations. 

'• 'p he area required for cooling towers 
is 0.8 to 1 sq. ft., and for spray cooling 
plants 4 to 5 sq. ft. per kilowatt of 
plant installed. Where space fe 
available, spray# cooling should oe 

adopted in preference to tower coolmg, * 

as the fltst cost is lower and better 
cooling is obtained with sprays. _ The % 
, maintenance charges with spifcy^codl- 




ing plants arc negligible, whereas 
with cooling towers the cover for 
maintenance and depreciation may 
be a heavy charge. 

Space does not permit of mote 
than cursory treatment of condensing 
and cooling problems, but that re- 
quirements can be satisfactorily met 
• is* shown by the following results 
obtained with an installation of 
ejector condensers with spray cooling 
plants, say for 3,000 k.w. turbo- 
alternators, installed at a colliery 
power station. With these plants 
28-in. Hg. vacuum is obtained with 
Bar 30 in. with the turbo-alternators 
giving full output. 

The plants are simple, as for each 
turbine unit it is only necessary to 
operate two centrifugal pumps driven 
by one motor. The efficiency is high, 
us the current consumption for the 
motors is less than 3 per cent, of the 
full load outputs of the turbo- 
alternators. 

In the same power station the 
pumps for similar condensing and 
cooling equipments are driven by a 
high-speed engine, and as the exhaust 
steam from this is used for heating 
boiler feed water the operating costs 
are very low, and there is the advan- 


The condensing plant Li d the 
multi-jet type, and # t lie whole of the 
watei required for condenser purposes 
is re-cooled through spray nozzles. 
It is possible to maintain a vacuum 
of 2K ins. under full load conditions 
in the large units with barometer at 
30 ins. 

# . 

The boiler plant comprises six 
large boilers of the water-tube tyi>e, 
each capable of evaporating 22.01)0 
to 27,000 lbs. of steam per hour. 
The steam pressure adopted is 200 lb. 
per square inch, with superheat to a 
total temperature of 588 deg. E. 

The condenser equipments are all 
joined together, and any of the three 
circulating pump equipments in the 
station will operate any of the 
condensers. 

No. 1 condenser is operated by a 
steam engine, the other two by 
motors. There is also a steam- 
driven exciter and a motor-driven 
exciter, the latter of full capacity for 
all the units in the station. The 
exhaust steam from the condenser 
and exciter engines, feed pumps, and 
fan engines is used for healing up the 
feed water. The feed water is treated 
in a heater softener by the tempera- 
ture and soda ash method. 


The boiler-house floor is raised 10 ft. 
6 ins. above ground level to admit of 
this. The ashes are tipped direct 
into hoppers and conveyed by rail 
up incline frame into the overhead 
bunker for tipping into wagons. 

The main* switchboard control 
panels are placed on the power-house 
floor level, and the cubicles containing 
the high tension apparatus are placed 
on a floor above the condenser house 
The complete arrangement is compact 
and easily worked. # 

The following figures taken from 
the station records are interesting 
with 1 3,000 k.w. unit running : 

Units generated per 

week 41 <>,960 

Load factor ... 82.0 per cejit. 

Wages costs ... 0.042d. per unit. 

Coal costs 0.178d. ,, ,, 

Oil and stores ... O.Olld. ,, ,, 

Total production cost 0.231d. ,, ,, 

The fuel was charged at approxi- 
mately 11s. 7d. per ton, and itf should 
be noted that with low grade fuel 
charged, as is possible in many cases, 
at 5s. per ton at the colliery, the fuel 
cost would be reduced to ().077d. per 
unit, and the cost of production 
would then become 0.13d. per unit. 


tage that no deduction has to be 
made from the output available from 
the turbo-alternator, as is the case 
with the motor-driven units. 


Example of a Typical Industrial 
Power Station 

It tnay be of interest at this stage 
to give a description in detail of a 
typical industrial power station, and 
for the purpose of illustration the 
author has taken the actual case 
of a colliery power station in this 
country. 

This power station was erected 
for the purpose of supplying electric 
power to a group of collieries princi- 
pally for underground power, such as 
pumping, hauling, coal cutting, and 
general purposes, and also for main 
shaft winding. The system of supply, 
which was settled as far back as 1907, 
was 3,000 volts, three-pflase, 50 cycles. 
The rapid power development sine** 
190? wa$ sucl1 that the kying down 
Of a iarira c^ ntral station became >1'- 

Perative forV he rec l uirements of the 

area. t 

The static 0 equ fc ot 
at present one l.M0k.w. turbo- 

altemator and two turbo- 

alterr *>ors, 


The Erith retort stokers are each of 
the seven retort type, and are capable 
of burning approximately 4341b. ofc 
low grade fuel per hour. The Jirst 
four stokers are operated by electric 
motor, but the fifth and sixth are 
operated by steam, it being considered 
desirable to have sonic of the # boiler 
plant operated entirely by steam and 
independent of the electric station. 
It will be noted that each pair of 
boilers is fitted with one irftluced* 
draft fan and short chimney. The 
coal is tipjx'd direct from wagons 
into the coal-pit shown under the 
railway. Hydraulic wagon tipmrs 
are used, one being placed at each erul, 
to enable wagons to be handled 
without being turned on a turn-tableT 
The coal is eleva^d from the dross 
tip to the large bunker alongside the 
boiler-house. Each boiler is fitted 
• with an independent elevator, 5nd afl 
elevators are separately driven. # 

It is interesting to note that 
saturated steam is used for the small 
engines, principally because of the 
greater value of saturated over super 
heated steam for feed water heating. 
The steam and feed pipes are 
arranged on the " ring ” system with 
isolating valves at suitable points. 
The ashes are taken direct from a 
hopper situated underneath the grates* 


Gas Engines 

It is not possible within the scope 
of this paper to deal adequately with 
the important developments which 
have taken place during recent years, 
in the direct application of blast- 

• furnace, coke-oven, and producer gas 
for yie operation of high-powered 
gas-engine#, but the author feels 
that his 'paper on Pqjver Production 

• would not be complete without some 
reference, however brief, to this 
iwportanf subject. vSinglc installa- 
tions of from 15,000 to 20,000 horse- 
power d gas-engines working upon 
blast-furnace gas are already in 
operation in England. 

In a paper road by Mr. P. H. 
l'owles, before the Institution of 
Electrical Engineers in 1920, upon the 
“ Production of Powers from Blast- 
furnace Gas," some valuable and 
interesting data are given. In the 
case of a modern furnace producing 
one million cu. ft. of gas per hour, 
only 0.55 of thi* is required for the 
furnace, leaving 0.45 million, or 
450,000 cu. ft. of gas available per 
furnace for other purposes, and this 
at 150 cu. ft. per kilowatt-hour is 
equal to about 3,000* units of elec- 
tricity per furnace per hour. With 
fifty furnaces the aggregate w^uld 
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equal 150,000 units saved per hour, 
and 1,030,510 per annum ; this with 
the boiler saving represents an 
economy of about 400,000 tons of 
coal per annum. 

lly cleaning and using # Wst- 
furnace gas efficient W, remarkable 
savings can be effectel. It will be 
seen, therefore, that an immense 
amount of surplus power is actually 
available from waste gases from the 
blast-furnaces in England, and after 
the needs of the worlc^ themselves 
have been satisfied the surplus power 
can, with advantage, be directed 
towards the supply of power to dther 
industries, or fed into the network of 
power supply companies’ systems. 


A process for seasoning timber by 
means of ozone has been developed at 
the Sorbonne, Paris, by Professor 
Otto, and is claimed to give results in 
twenty days equal to those obtained 
naturally in several years. The 
process consists simply in exposing 
the wood to a current of ozone- 
charged air. The colour remains 
unchanged, and microscopic ex- 
amination is reported to have shown 
that ozone-dried oak and walnut had 
the same characteristics as ordinary 
air-scasoned wood. The experiment 
seems to have reached the com- 
mercial stage, as Italian and French 
companies are, it is said, arranging 
to work the process. 
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Section through large <»uh Kngine Cylinder and Valve* 


Gallmrayn JJd. 


The New KTtson-Utley Rotary Pump 


T HIS invention relates to 
Rotary Ptamps? Engines 
and Meters of the «4ype 
wherein a circular rotor 
is set eccentrically in a 
drum-shaped blade-chamber, the 
outer periphery of the rotor being in 
contact with the inner periphery of 
the blade-cbaifiber, and a double- 
ended sliding blade is mounted in the 
rotor, so that it can slide through the 
centre of the 6 same, whilst its ends 
sweep the walls of the chamber. 


Many attempts have been made to 
jnake 9 pumps and engines of this i 
description, some of which were 
operated by having the blade divided 
and connected tfitli springs so as to 
force the ends of the blades in contact 
with the cylinder. In such cases the 
cylinder has been of the ordinary 
circular type, the results being that 
the chamber has been readily worn 
away by the pressure of the springs 
acting on the blades. 

The object of the present invention 


has been to provide a rotary pump, 
or motor whose blade -chamber is so 
shaped that the ends of the blades 
are always ^accurately in contact 
with the walls of the chamber without 
’using any spring-controlled portions. 

In the present invention the blade- 
chamber is so shaped that fot any 
angular displacement of the blade 
an endwise displacement of the same 
takes place, which is proportional to 
the squ&re of the said angular dis- 
placement measured from the pointy 
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f has I Jins, outlet and the size of the 
* cylinder is 4 ins. diameter. The 
weight in gunmetal is only 23 lbs., 
but will deliver lT>th gallon at every 
revolution, so that at a speed of 200 
re volitions per minute it will deliver 
2,400 gallons ju*r hour. The pump 
has also been u*d as an air exhauster, 
and at a s]>ced of 750 revolutions per 
minute over 20 ins. lias been reached 
on the vacuum mercury gauge. It 
has only been used experimentally as 
an air compressor, and so far the 
highest pressure tltat has been 
achieved was at a speed of 900 
revolutions per minute, and reached 
00 lbs. to the square inch. As the 
pump takes in a fixed quantity at 
each revolution it can be used as a 
meter for measuring the quantities 
delivered. It may be revived in 
either direction, and under normal 
conditions no renewal parts are re- 
quired. It will be seen that • the 
cylinder has to be kept free from grit 
to avoid injuring the surface #f the 
cylinder. Where dirty water that is 
where the rotor touches the chamber parts, and has neither springs nor liable to contain sand or grit is used 

wall, 'fhe shape of this chamber valves, and ns the rotor revolves the a screen or filter is employed. The 

■may be obtained by causing the walls blade oscillates to and fro through pump may be driven either by hand 

swept by the ends of the blade to the centre of the rotor. The pump or by power. It will also be 

conform to an endless curve which lifts and drives on the same stroke, seen that tlu* pump lends itself to 

touches the ]x?riphery of the rotor and the pump will raise a given use ns a motor, and already it 

at one point, and is traced from this quantity of water to any height has been employed experimentally 

first point through points plotted on limited only by the power applied, as a steam and compressed air 

lines radiating from the centre of the and the bursting limit of the casing, motor. 

rotor, cadi of which Joints is distant The pump is now being used for . ■ Tlu , , mmp is manufactured by the 
from the periphery of the rotor by u pumping fluids of various cores- K itson Kngineeriug Co. (London), 
length along its radius proportional teneies from petrol to margarine. • U(1 at lheir works Stamford, 

to the square of the fraction expressed The size shown in the illustration Lincolnshire. » 

by the ratio of the angle between such ^ 

radius, and the first -mentioned point • 

divided by 90 deg., and also is further • * 

proportional to half the maximum 
endwise travel of the slide. 

It will be found that, with a blade- 
chamber so shaped, straight lines 
drawn from any point on the inner 
periphery of the chamber, through 
the centre of the rotor to meet the 
inner periphery <>f the chamber on 
the opposite side will all Ik* of equal 
length, and thus a blade of this 
length will always have its ends in 
contact with the walls of the chamber 
throughout the whole of its angular 
movement. • 

It will be seen that for every 
variation of the ratio of ttie diameter 
of the rotor to that of the chamber, •• 
the sha])e of the curve is altered. 

Further the limit at which the curve, 
becomes finite is when the rotor is 
half of the diameter of the cylinder. 

This construction proVides a means 
for obtaining continuous ncceWmtion. 

,The pump has only two working 
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Lignite and* Brown Coals 

•t 

JJnder the above title Professor William Arthur Bone, D.Sc., Ph.D F.R.S. , 

\ead a paper before the Indian Section of the Royal Society of Arts , dealing in 

a very full manner unth the origin and classification of Brown Coals and # 

9 Lignites. Space will not admit of reproducing this interesting paper, but • • 

we give below a full report of Professor Bones general observation on 
the utilisation of these particulars coals, in which is recorded details 
of some very interesting developments which are taking place in the 
• m/be efficient use of Lignites as a result of recent experimental research. 


F OR some years past I have 
been investigating brown 
coals and lignites, chiefly 
from a chemical standpoint, 

• with a view to extending 
our knowledge of their behaviour on 
carbonisation at various temperatures, 
and of the character and amounts of 
the various by-products obtainable 
from them, and to finding out possible 
ways of overcoming some of their 
obvious drawbacks as gas producer 
and steam raising fuels. Some atten- 
tion has also been paid to the technical 
possibilities of manufacturing smoke- 
less domestic and steam fuels, as 
well as cokes suitable for metallurgical 
purposes, from the carbonaceous re- 
sidue left in the retorts after car- 
bonisation. A mass of useful data 
has thus been accumulated, which f 
hope may some day be collected in a 
handy form for publication ; but I 
fear # it is impossible to compress 
them within the limits of the present 
paper. I must, therefore, content 0 
myself with a few genejal observations 
on the foregoings points, Rafter which 
I propose to (Jeal in detail* with the 
practical outcome of some new ex* 
periments made with a view to 
enhancing the fuel-values*of brown 
coals and lignites for steam raising 
purposes. # 

Preliminary Drying 

Prom what has already been said 
in the earlier section of this paper, I 
regard a preliminary drying operation 
as always *rery desirable, if not 
essential, to the economical utilisation 
of such fuels, either for ste^m raising 
or carbonisation purposes. Pro- 
longed “air-drying” is usually cap- 
able of reducing the water content 
of the raw fuel down to about 15 per 
mxnt . ; but sifeh a process is too 
■dependent upon climatic conditions, 
"and; moreover, takes too much time, 
be general!? practicable on a large 
scale. Consequently, other means 


must generally be resorted to, and it 
is obvious that they should, when- 
ever possible, involve the utilisation 
of some convenient form of “ waste- 
heat,” such as either exhaust steam 
or the products of combustion from 
boiler furnaces, retort settings, or the 
like. 

It can easily be shewn by calcula- 
tion, that if a dried lignite be burnt 
under boilers, there is vastly more 
available heat in the gases leaving 
the boiler at, say, a temperature of 
400 deg. C., than would be required 
to completely dry the raw fuel, even 
if it contained as much as 50 per cent, 
of water. But, owing to the readiness 
with which dry lignites ignite, as 
well as to the tendency of the raw 
fuels to disintegrate on being dried, 

• the problem of successfully applying 
th% 44 hot chimney gases ” is not 
without its difficulties. Our ex- 
periments have, however, shewn that 
such* gases can generally be em- 
ployatl # safely for the puqxise, pro- 
vided that Ihey contain more than 
10 per cent, of carbon dioxide, which 
condition should not be difficult to 

• regular attainment on large boiler 
installations where the scientific con- 
trol^ combustion is carried out. 

Provided, then, -the brown coal or 
lignite has been previously dried, the 
problem of carbonising it at any 

.particular temperature will usually 
be of no greater complexity than it 
would be in the Ase of a rather low 
grade non-coking bituminous coal, 
^ilwa^i allowing for the circumstances 
that brown coals and lignites are 
dfevoid of coking properties, and that 
their carbonised “residues” ignite 
more readily than would* coke if 
allowed, whilst hot from the retort, 
to come into contact with air. Their 
residues may, however, be briquetted 
with suitable binding, making ex- 
cellent domestic and steam raising 
fuels. 

Compared with those usually 


obtained from bitumihous coals, the 
gas-weight and liquor yields (re- 
ferred to the dry coal) aTe generally 
higher although the gas contains an 
unusually large percentage of carbon 
dioxide, owing to the higher oxygen 
content of the coals. The gas would 
certainly have to undergo some 
“ lime ” purification process for the 
elimination of its ctxrbon dioxide 
before it would be suitable for public 
distribution ; and even then its 
content of carbon monoxide would . 
be higher than I should like to see, 
although my good friends in the gas 
industry would probably view them 
with equanimity, if not with positive 
delight. 

The question of the low temperature 
carbonisation of lignites is receiving 
attention in many quarters and is 
worthy of much further study. Some 
lignites that I have invested yield 
most valuable fuel and light oils, but 
time docs not permit of my particu- , 
larising. 

Lignites in Producer® 

There is also no particular difficulty 
about gasifying lignites in producers, 
and with good results as far as the , 
quality of gas is concerned. As 
an example I may here quote the * 
results of such trials carried out by 
the Power Gas Corporation Ltd., 
upon French and Italian lignites in a 
Mond By-Product Peat Gas Producer 
Plant at Orentano : — 


• 

French 
Lignite 
(from La 
Savoie). 

0/ 

Italian 

Lignite 

(Ribollo). 

0/ 

Moisture in 

/o 

Coal 

% 

charged 

40.5 

8.5 

The Dry Fufel con- 
tained : 

Fixed Carbon ... 33.9 


Volatiles 

60.1 

— . 

Ash # ... 

17.7 

16-2' „ 

Nitrogen 

1.8 

. *:*• 
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Yield of^Gas : 

Cub. ft. at 15 deg. 

C. per ton Dry 


Fuel ... 

78,300 

71.7(H) 

Composition of the 



Gas ; 


<»/ 

CUa 

20.8 

10.3 

CO 

10.6 

11.5 

ID 

25.0 

20.3 

C1U 

54 

4.8 

N* 

37.0 

50.1 


100.0 

100.0 

Yield of Ammon- 



ium Sulphate in 



lbs. ]>er ton of 



Dry Coal ' ... 

92.5 

130 


Heal Treatment at Temperatures fie - 
low 400 deg. C. as a Possible Method 
of Enhancing their T'uel Values. 

In the course of my researches upon 
brown coals and lignites, I h; d 
occasion to study their behaviour 
when, after being previously com 
plctely dried at 100 deg. C., they 
were further heated, nut of contact 
with air, in a special form of apparatus 
which permitted both an easy control 
of the temperature condition, and the 
accurate measurement of any liquid or 
gaseous products that might be 
evolved. 


Morwell Brown Coal 

In my first experiments on such 
lines, which were made upon the 
Morwell brown coal already referred 
to, some highly significant observa- 
tions were made, which subsequent 
research has proved to be charac- 
teristic of brown coals and lignites 
generally. The detailed results of 
these researches having already been 
published about a year ago in the 
proceedings of the Royal Society, A. 
Vol. 99 (1921), 1 need now describe 
them in outline only, with some 
additional information concerning the 
practical developments which have 
since flowed therefrom. 

It was found with the dried Morwell 
coal that, beginning at as low a tem- 
perature as 130 deg. C., but pritici- 
• pally between 250 and 357 deg. C. , a 
chemical condensation occurred, 
affecting the cellulosic or humic ‘ 
constituents thereof, which was char- 
acterised by the simultaneous 
elimination of both steam and carbon 
dioxide from the coal substance 
itself, without any appearance of 
oils or more than a quite ttegligible 
' amount of gaseous hydrocarbons. 
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Thus, in a typical experiment when 
the temperature of 100 parts' by 
w cight of the dried coal was slowly 
raised to, and then maintained at 
375 deg. C, until no further change 
occurred, there was eliminated 5.5 
parts of water and 0 0 parts by weight 
of gas ( 1427 cub. ft. |>er ton of the 

dry coal), which, latter contained : 

IDS 1.5, C(b 88.5, CO 4.1, 
CHi 1.1 and NY 4 8 per cent. 

It was thus clear that the said heat 
treatment had brought about a 
chemical condensation in the coal 
substance itself, possibly comparable 
with that by which, deep down in the 
bowels of the earth, our present 
bituminous coals, in the course of 
long ages, have been slowly produced 
l rum pre existing brown coals. Such 
condensations had involved a marked 
elimination of oxygen (as lx>th steam 
and carbon dioxide) from the coal 
substance, with consequent con 
sidcrable weight loss (amounting to 
one eighth of the original) and marked 
increases both iti the percentage of 
carbon content and calorific value. 

The |K*reeutage composition and 
calorific value of the dry coal treated, 
and ot the " residual coal ” obtained 
were as follows : 



Dry Coal 

Residual 


treated. 

Coal. 

Carbon 

02.50 

08.5 

Hydrogen 

4.85 

4.9 

N. and 

0.05 

OS 

Oxvgcn 

28.00 

s?i.2 

Ash 

4.00 

4.0 


100.00 

100.00 

• • 

Gross Calorific 

• 


K.C Us. per Kg. 
The chemical and 

5000 

0300 

thermal balances 
of the ex|»eriment 


• 

were as follows : 


• 

100 Parts of 


tin 

* dry ioal 


containing 



Parts. 

yielded • 

Carbon 

02.50 

5.51UO 

Hydrogen 

4.85 

6.5COa 

Oxygen 

28.00 


t 

- 

• • 

K.C.Us. 

500,000 





87.0 Parts of Residual 
Coal containing 

Parts. I, oss 

** Parts. 

60.00 2.50 

4.30 0.55 

18.55 9.45 

558,000 2,000 
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It will thus be seen that whilst the 
dry coal had lost about one-eight of 
its orgiual weight, it had retained 
practically the whole of its potential 
heating power, but in a more con- 
centrate! form. The weight loss 
had amounted Jo about one-third of 
the oxygen, on Aciith of the hydrogen, 
but only one-thirtieth of the carbon 
originally present mi the coal sub- 
stance a very remarkable result. 

Characteristics of.Brown Coal 

Subsequent research showed that 
such * behaviour on similar “heat 
treatment ’’ is characteristic of brown 
coals and lignites as a class, and that 
such treatment affords a ready means 
of “ up grading " such coals, and of 
improving their fuel values generally. 

At this juncture I got in touch with 
Mr. \V. R. Wood, General Manager of 
the Underfeed Stoker Co., I/mdon, 
who had had considerable experience 
in burning such low grade' fuels 
under boilers ; and I put before him 
the idea not only of drying , but also 
at the same time ol “ up-grading ” 
the fuel values ot brown coals and 
lignites by further heat treatment in 
the aforesaid manner, in one con- 
tinuous operation, using no other 
energy than would be comprised in 
1 he sensible heat in the burnt gases 
passing away from either a boiler or 
* a retort setting. In other words, I 
proposed to utilise the “ waste heat ” 
of the chimney gases (assuming them 
to contain more than 10 per cent, of 
parboil dioxide and to leave the boiler 
at a temperature of 400 deg. C. or 
more) • for f th% purpose firstly of 
drying tln^ raw lignite, and secondly 
of “ up-grading ” the dried fuel in one 
’ Continuous operStion, before it 
reaches th% boiler furnace. 

ivfr. Wood at once saw the advan- 
tages of sjich a proposal, and thought 
it was quite a practicable one ; and, 
at his suggestion the Underfeed Stoker 
Co. undertook to see what could be 
<Jonc to give effect to it in practise. 
Ultimately they designed and painted 
an apparatus for the purpose, cap- 
able of beiftg attached to a water- 
tube •boiler. For want of a better 
name, 1 %ill , for the present, call 
it the “fuel improver" attachment, 
because it is designed to effect 
the double purpose of dry ing and up- 
grading the ingoing rjw fuel at th< 
expense of part of the heat of the 
outgoing products of its combustion 
The following diagram shows the 
general arrangement of j* watertubc 
boiler with mechanical ^toker fitted 
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with one of such attachments as 
designed by the Underfeed Stoker Co. , 
which has been installed by the 
Victorian Government Electricity 
Commissioners at Mor well*, land is 
now undergoing systematic trials 
there under the supervision of Mr. 
H. R. Harper, their Chief Engineer. 


The u Fuel Improver” 

The boiler i^ of the Babcock Wilson 
type, and is fitted with a self-con- 
tained forced-draught travelling grate 
stoker ; the heating surface of the 
Doiler is 2,430 sq. ft. and the grate 
area is 85.7 sq. ft. The “ fuel- 
improver ” attachment is constructed 
)f a shset iron casing, made practically 
air-tight, and is fitted with two 
parallel series of cast-iron plates, 
which are sloped at an angle of about 
80 deg., with the horizontal so as to 
form* a chute with open sides, the 
plates being arranged in the form 
of louvres. 

The raw coal is automatically fed 
into the top of the chute, and in 
slowly passing down it encounters a 
directed flow of the hot products of 
combustion from the boiler setting, 
whereby it is first of all dried and 
afterwards “ up-graded ” in accord- 
ance with the plan already described. 

In this particular installation it # 
should be observed that the hot 
gases as they leave the boiler come 
in contact first of all with the raw 
incoming fuel ; in other words, the 
relative passages of the fuel ana 
gases through the apparatus ,is not 
on the contra-flow principle. As 
orginally designed, it wa? intended 
that they should bc*on that principle * 9 
but it was afterwards thought better 
in this first trial unit to depart from 
it, because there would be less 
likelihood of the fuel •becoming 
ignited during* its passage down the 
chute if the gases met the raw fuel 4 
with its maximum water content at 
their highest temperature. It 3 
hoped, however, that the result of 
these trials will shey this to be an 
unnecessary precaution, in which case 
the contra-flow principle will be 
adopted in future installations. The 
chute is capable of containing about 
2.1 tons of raw tyel, which at the 
present rate of operating takes about 
45 minutes in. passing through the 
: apparatus. 

One of the principal advantages 
which it is exacted will be gained by 
the use of such a “/uel-improver " in 
connection #ith big power-station* 
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bofleA installations, such as the one 
contemplated *at Morwell, where a 
low-grade but cheap, brown coal 
must be used, is that by so drying 
and M up-grading ” the fuel, before it 
is burnt in the boiler grate, will give 
a much hotter and more radiant fire 
than it would otherwise do, with 
consequent increase in both the 
steam output per boiler and the 
thermal efficiency of the system as a 
whole. In other words, it is con- 
fidently anticipated that, owing to 
the higher furnace temperature which 
will certainly be realised wiien such 
a fuel-improving arrangement is em- 
ployed, the rate of heat transmission 
throughout the boiler will be greatly 
improved. Indeed in submitting 
their scheme for the Morwell contract, 
the Underfeed Stoker Co. guaranteed 
that nine boilers filled with their new 
“ fuel improver " attachment would 
give the same steam output as twelve 
boilers fired with the untreated fuel, 
and with a greater thermal efficiency. 

As the trials of the apparatus are 
not yet completed, it would be 
premature for me to attempt in this 
paper to pass any final judgment 
thereon. But judging from the results 
which have so far been reported to 
me, I am able to say that it seems 
probable that the anticipations of the 
Underfeed Stoker Company will be 
more than fulfilled when the final 
remits are known. Bor it has already 
been proved that, after passing 
through the “ fuel improver ” attach- 
ment to the boiler, tlie fuel bums 
very^fi^cly and can be efficiently con- 
sumed at high rates of combustion ; 
also that the treatment of the fuel 
brings about a marked increase, both 
in the furnace temperatures and in 
the rate of heat transmission through- 
out *the boiler. 


Results of Tests 

Thus, for example 
(1) In a trial carried out on 6th 
October, last, in which the raw 
• fuel was burnt without being 
passed through the “ fuel im- 
prover " attachment , the rate of 
combustion in the grate was 
34.9 lbs. per hour, and the 
water evaporated 6,550 lbs. per 
hour. The furnace temperature 
was 928 deg. C. (1,702 Fahr.) ; 
and the products of combustion 
leaving the boiler at 292 deg.C. 
(577.7 deg. Fahr.) contained 
CO* =10.3, CO=1.7, and O* 
=7.4 per cent. 
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(2) In a similar trial, carried out on 
the following day, in which the 
same fuel was passed through the 
“ fuel improver” attachment, 
the rate of combustion was 

94.05 lbs. per sq. ft. of grate 
per hour, and the water/ 
evaporated was 20,200 lbs. per 
hour, the furnace temper&tufe 
was 1,149 deg. C. (2,100 deg. 
Fahr.) ; and the products of 
combustion leaving the boiler 
at 315 deg. C. (599 deg. Fahr.), 
but the “ fuel improver *' 
attachment at 92 deg. C. (108 
deg. Fahr.), contained CO*= 

13.5 CO 0.33, and Oa=5.0 
per cent. 

The foregoing figures are quoted 
just as they have been reported to 
me, but it is to be understood that 
they represent the results of two quite 
preliminary trials only, and that no 
finality is here claimed for them. I 
am hoping soon to receive reports of 
further and more exhautive trials, 
until which time I shall prudently 
reserve any final expression of 
opinion. 


The Trans- Zambesia 
Railway Opened 

Tin-; Trans-Zambesia Railway, to 
which we have previously referred in 
these columns, was officially opened 
on J uly 1st. This new line puts the 
Union of South Africa in direct 
communication with Nyasaland, and 
is an important link in the chain of 
new and projected railways, having 
for their object the development of 
South Central Africa, the ocean 
terminus for which territory is Beira. 
The new line runs from Dondo, a 
junction on the Beira*— Mashonaland 
Railway, eighteen miles from Beira, 
to the Zambesi River, and is 157 
miles long. The contract price for 
the line was £810,000. An early 
development is expected to be the 
construction of feeder lines to tap the m 
Tete coalfields. It is of interest to 
*.note that the Nyasaland Government 
has guaranteed tor a periood of 
twenty-five years the interest on the 
debentures issued and the redemption 
fund. The Trans-Zambesia Railway 
Company was formed in 1920, with 
a capital £600,000, while debentures 
were underwritten to the extent of 
£1,200,000, for the construction and • 
equipment of the line. 



QUESTIONS & ANSWERS 

We shall be pleased to answer any question relating to industry , to 
advise in the starting of any particular branch of manufacture , to give 
expert advice on any power or power transmission problem, or to 
raider any assistance possible in solving mechanical or technical 
problems. All questions should be addressed to the Editor, London 


QUESTION. 

1 o 'I he Editor " ^Industrial India." 

Re FUEL ECONOMY. 

Dkar Sir, -With reference to the 
April number of the Industrial 
India, we are much interested in 
produce of plant for wood distillation 
known as the Wells system as illus- 
trated in your issue on page 405. 
So we will be obliged if you will 
please furnish us with the addresses 
of the manufacturers of such plants. 

We are also interested in power 
plant of lire boilers with gas burners, 
and we shall be glad if you will also 
send us the addresses of the manu- 
facturers of these burners with power 
plant for use in Lancashire boilers. 

ANSWER. 

Dkak Sir.— Replying to your 
letter which has been forwarded to us 
from our Bombay Office, in which you 
ask for the names and addresses of 
the firms making the " Wells Gas 
Producer " and also gas burners 
referred to in the April issue of 
Industrial India we have pleasure 
in giving this information as follows : 

(1) The Wells Gas Producer, Messrs. 
Wells Vegetable Fuel Power Co. Ltd., 
39 Grosveuor Place London, S.W.l. ; 

(2) Gas burners, Messrs. The Power 
Gas Economy Co.. 50 Wellington 
Street, Glasgow. 

We have written both the above 
firms asking them to send you 
particulars of their manufactures in 
order to save time. 

. QUESTION . 

To Editor " Industrial India" 

Sir. —I want to start stamping of 
cups, saucers, etc., from brass sheets. 
Will you be so good as to inform me 
the name of the firm where I can get 
the necessary machinery', worked by 
hand power, and also worked by a 
small internal engine, it might be 
'*■ more economical to work by hand 
in the beginning. 


Can I get a book on the technique 
of the business. 

What will be the amount needed 
to start the business ? Could you 
send me the price list, etc. I am 
rather keen on starting a business at 
an early date. 

. I NSIVER. 

Dkar Sir. — Replying to your letter 
in which you state that you want to 
start the stamping of cups and 
saucers, etc., from brass sheets, and 
asking us for information regarding 
the machinery for such manufacture. 

If you refer to the July issue of 
Industrial India, you will find that 
we have given the names and addresses 
of several manufacturers of presses 
suitable for your proposed work and 
in order to save time we have asked 
each of these firms to send you 
direct, copies of their catalogues qnd 
any other information which they 
consider may be helpful to you. 

Regarding a technical book on the 
subject we would refer you to the 
book which we recently reviewed in 
the April issue of Industrial India 
on page 502, entitled “ Die Making 
and Die Designs/' published by the 
Industrial Press, New York, I/>ndon 
Office, Maclunerv Publishing Co. Ud. 
Price Ifis. 

QUESTION. 

The Editor, " Industrial India." 

Dkar Sir, — Having read Vol. I 
No. 8, March, 1922, I would thank 
you to send me the name and address 
of the writer of " The Electric 
Furnace in Metallurgy," p. 420, as 
l wish to get certain advice from the 
writer. 

I would further thank you to send 
me the addresses of one or two good 
companies, who make Electric Steel 
Furnaces. 

ANSWER. 

We have sent copy of our corres- 


pondent’s letter to our contributor, 
who it plies as follows: - 

87 Frrz william St., 

llUDDKRSFIKLD, 

June \i\th , 1922. 

Dkar Sir, “ I am very h^ppy to 
be of use to you in any way arising 
out of my articles on Electric Furnaces 
in the March and April issues of 
Industrial India. I shall be very 
pleased to give you any advice or 
information, which comes within the 
scope of my experience with this 
class of melting furnace." 

The makers of electric steel furnaces 
in this country, whose furnaces I can 
recommend from personal experience 
are -Electro Metals Ltd., 50 Kings- 
way, London, W.C.2. ; T. H. Watson 
& Co. Ltd., Lancaster Street, Neep- 
send, Sheffield. (“ Grcaves-Ktchells " 
r. Furnace). 

Of the American furnaces, I can 
particularly recommend that made 
by -The Booth Electric Furnace 
r Co., 325 West Madison Street, Chicago, 
111., U.S.A. 

There are luany other excellent 
furnaces on the market. 

, In settling choice o! # a furnace for 
any particular work, the following 
data will b'e required 

Product . — ' Whether steel castings, 
ingots, iflain or alloy steels, and 
average analysis. 

Scrap A vailable.— -Analysis. 

^ Production Desired . — Tonnage of 
metal inclusive of necessary p scrap 
(ingot tops, gates, risers, etc.)/ hours 
operated per day. * 

Main Power Supply. — Voltage, 
cycles, phases. 

Auxiliary Power Supply . — Whether 
D.C. or A.C. voltage (if A.C. also 
cycles and phases.) 

I trust that you will make the 
fullest possible use of me if you 
desire to go further into the matter " 
Yours faithfully, 

P. ROWL1NSON. 



Conducted by HARTLAND SEYMOUR 


THIS SECTION DEALS \ WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF 'JyJIE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Welfare Conference 

'Jhc Department of Industries hare sent us particulars of the above conference , * 

at which a large number of papers were read, covering the whole field of welfare 
work. H e give below a short account of the conference prepared by Miss ( M . 
Hroughton , and we also put on record the resolutions passed at the conference. 


M ISS BROUGHTON states 
that this conference, the 
first of its kind to be held 
in India, was organized 
by the Currimbhoy 
Kbrahim and the Tata Sons Woik- 
men’s Institutes of the Social Service 
League, Bombay, and was held in 
Bombay on the Oth, 7th and 8th 
April. About 50 representatives from 
different parts of India were present, 
the Government of India and six 
local Governments sending 20 dele- 
gates. Men and women actually 
engaged in welfare work in connection* 
with factories, such as the Bucking- 
ham and Carnatic Mills, Madras ; 
Empress Mills, Nagpur ; British India 
Corporation, Caw n pore, also attended. 
Social organizations such as the 
Young Men’s Christian Association, 
Young Women’s Christiafi Association 
and Servants f of India Society were 
also represented* together w'tti* 
organizers of infant welfare work and 
members of co-operative societies. 

Mr. Chatterjce, Secretary in the 
Department of Industries* was un- 
animously elected President. On 
taking the chair he found himself 
confronted with about 25 papers " 
dealing with such heterogeneous sub- 
jects# as infant welfare and the pre- 
vention of hook wojm. .The papers 
that had tfeen prepared were; first 
divided into two main groups, those 
dealing with work inside the factory 
and those with activities outside the 
factory. The conference then split 
up into two Committees to deal with 
each of these, groups, Mr. Mehta, 
Director of Industries, being elected 
Chairman of the former, and Mr. 
Deodhar Chairman of the latter. 
Writers of each of the papers were 
asked to state their views briefly 


and to summarize them in the form 
of a resolution to be submitted to the 
general conference. 

The subjects connected with inside 
factory welfare work, related to 
sanitation and hygiene, works com 
mittces, and the duties of welfare 
workers. Recommendations were 
passed on all of them. (Questions of 
sanitation and hygiene, it was 
suggested, should be dealt with by 
Sanitary Officers of Government, who 
should be invested ex-officio with the 
powers of factory inspectors. The 
suggestion was also made that all 
factories should be required to main- 
tain first aid appliances, and that 
employers should be encouraged to 
keep records of sickness among their 
workers. The recommendation on 
works committees w as, as one delegate 
sagely remarked, sufficiently vague. 
Their establishment in factories was 
recommended, while at the same 
time the necessity of securing properly 
elected representatives of workers to 
ser\t: on such committees was pointed 
&nt. As welfare workers inside 
factories are practically non-existent 
in India, the conference recommended 
that a start should be made by asking 
social service organizations to take 
up the training of welfare workers in 
co-operation with employers of labour 
and Universities. 

• Welfare work outside the factory 
embraced a larger range of subjects : 
education, child welfare, trade 
unionism, the spread of the co- 
operative movement and housing. 
The need of education was em- 
phasized by urging that the Govern- 
ment, employers of labour and the 
public should be asked to co-operate 
to establish day schools, continuation 
classes and night schools in mill 


areas. Another resolution recom- 
mended the spread of the co-operative 
movement among factory workers. 
Infant welfare work was dealt with 
in a somewhat vauge recommendation. 
The great need of the provision of 
suitable housing for industrial workers 
was summarized in a business-like 
lesolulion, urging the formation of 
co-operative housing societies for 
skilled workmen and recommending 
that, in the case of unskilled workmen 
the Government, local authorities 
and employers should take immediate 
steps for the provision of suitable 
quarters sufficient for the number 
employed in that area. Two more 
recommendations, one relating to 
welfare work and trade unionism, the 
other to temperance, brought the 
sittings to a close. 

The immediate practical outcome 
of the conference was the initiation 
of a central organisation for the pro- 
motion of welfare work. When com- 
pleted the central organization will 
establish a permanent office for the 
collection and dissemination of in- 
formation about welfare work. An 
executive committee will also be 
appointed to carry out the decisions 
of the conference, to supervise the 
work of the office, and to draw up 
the agenda for each conference. 
Further it is proposed that there 
should be am Annual General Con- 
ference consisting of (1) those who are 
actually doing welfare work ; (2) 

representatives of organisations giving 
financial support to welfare activities; 
(3) representatives of Government 
departments concerned with the wel- 
fare of labour. 

Those* interested in the subjects 
discussed should be able to obtain the • 
papers from the Secretary at the 
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Bombay WoiknuTi’s Institute, 
Elphinstone Road, Barel, Bombay. 

A complete report embodying all the 
resolutions will undoubtedly lx* 
printed in due rour. e. 

Sanitation and Hygiene. 

% (1) The general sen.se **f tile .^ub com- 

mittee is that managers will hml it useful 
tif mtintain reeonls of sickness and other 
causes of absriin- specially in cases where 
mill hands live iti quarters either belonging 
to the factory, or in close proximity to the 
factory. 

(2) It is desirable that the sanitary 
officers of Government should also be 
invested ex oltVio with the powers of 
fuctory inspectors, in order to enable them 
to investigate questions of health and 
sanitation inside the factories. It is also 
desirable that such sanitary officers should 
begin the investigation of causes and in- 
cidence of sickness in industrial areas and 
specially among factory workers. Hut 
they should issue no executive orders, 
except with the approval of the regular 
fuctory inspection department. 

(II) A recommendation be made to the 
universities to include occupational, diseases 
and industrial hygiene as a post graduate 

study. , , 

(4) It is suggested that in the rules 
framed under the Factories Act, all factories 
should be made to maintain first aid 
appliances in the charge of qualified persons 
utm that in factories of a small size some 
of the employees should In* trained for the 
use of first-aid appliances. 

Training of Welfare H other*. 

It is the opinion of the conference that 
social service organizations he asked l<> 
take up the work of training welfare 
workers and that universities and employers 
of labour be asked to cooperate with 
these agencies. 

U'cr/i'i Committee. 


This conference is of obinion that works 
committees be established ill all industrial 
establishments, and the functions of these 
committees be gradually widened. It is 
also the opinion of the committee that 
representatives of workers on these com 
mfttees l>e appointed by some system ol 
election by the workers. 

education of the Working Classes. 

(a) With a view to secure better efficiency 
of working men, women and children, this 
conference urges the spread of education 
in suitable ways among these classes as a 
prime need of industrial employment, and 
for that purpose recommends the es- 
tablishment in mill areas of day schools, 
continuation classes and night schools for 
imparting industrial or technical instruction 
and general culture, with the object of 
widening their outlook and rendering the 
workmen better workers, more intelligent 
factors in the country's industrial organiza- 
tion and more intelligent, and capable 
citizens ; in order to bring about such 
educational facilities, this conference calls, 
upon the great employers of labour severally 
or jointly, the Government and the generous 
public to co-operute in this respect. ■ 
lb) In order to secure the proper develop- 
ment of the aptitude, and the capacity of 
the children employed, this conference 
considers that superintendents of welfare 
work should devote special attention to 
this aspect of the question. 

(c) Thj conference is of opinion that in 
this connection the separate needs of half- 


timers, adult workers and the uneiAlo^cd 
children of the mill population shollld be 
lK>rne in mind as also thf separate needs 
of boys and girls or men and women. 

Co operation among Tcutory Workers. 

(1) This conference recognizes the 
necessity of an intensive propaganda for 
the promotion and success of co-operation 
among the working-men in the industrial 
areas, and f<»r this purpose, while appreciat- 
ing the response made so far, urges em- 
ployers of labour to contribute liberally to 
central cooperative or social work institutes 
existing in their respective localities. 

(2) This conference recommends that 
mill-hands’ societies should be organized 
preferably on locality basis rather than 
separately for each mill 

(!i) This conference recommends that 
cooperative organizations should devote 
greater attention than at present to the 
encouragement of thrift, for example by 
introducing the system of regular monthly 
subscriptions and Saving Hanks where 
possible. 

(4) ThisVonfcrencc recommends tlmt the 
efforts of welfare workers outside the 
factories should be directed largely to the 
establishments of co-operative hostels, 
boarding houses and stores as supplying 
the primary m-eds of a good home and 
good food for all workers. 

Maternity and Infant Welfare. 

(1) This conference is of opinion that 
the foundation of all Medical Welfare 
Work depends upon an efficient midwifery 
service and the education of the mother, 
and that the best means to secure these 
objects should be considered by local 
committees, consisting of medical and 
social workers, with knowledge of local 
conditions, and that the recommendations 
of such committees should be submitted f 
to the employers. The question of 
maternity clinics and homes must foUow 
and .should he arranged for according to 
the financial support given to the entire 
scheme by the various agencies already 
at work, and by the employers. Creches 
should he provided in every factory em- 
ploying women. # 

Housing. 

This conference wishes to emphasize the 
great need for the provision of suitable < 
and sanitary houses for the workmen as a 
necessary condition for their industrial 
efficiency and general well-being. 

For skilled workmen this conference 
recommends the formation of co-operative 
housing societies, with necessary help from 
employers of labour uud from Government. 

For unskilled workmen whose needs are. 
exceedingly urgent this coiiferenee’considers 
that in each industrial* centre the Govern- 
ment. local authorities!, such as District 
and Municipal Hoards, Improvement Trusts 
vtc., and employers should, in close ^° n ' f 
saltation and co-operation, take immediate 
steps for the provision of suitable quarters 
sufficient for the numl>er employed in that 
area. 

Welfare Work and Trade. Unionism. 

This conference appeals to the employers 
of labour as well os fb the advocates of 
trade unionism to recognize the necessity 
and the desirability of welfare work, and 
places on record its belief that the welfare 
work movement does not wish to interfere 
with the legitimate growth of labour 
movement, taking as it does its stand on 
principles of humanity and industrial 



'espective of differences between 
Capital and lalxmr. 

Temperance. 

This conference is of opinion that all 
welfare vfirk will continue to be hampered 
till the cShplcte removal of the drink evil 
is secured by the immediate closing of all 
liquor shops in ind^trial areas. 

All India Industrial Welfare Work 
Organization. 

(a) That an organization called The All 
India Industrial Welfare Work Organiza- 
tion be established, and a provisional 
committee consisting of the following 
persons be appointed to frame Constitution 
and Rules thereof, and to take the necessary 
steps t<^ carry out its objects and to report 
to the next conference committee : — 


(1) Mr. W. II. Wiser (Cawnpore), or 
Mr. R. H. Robinson (Cawnpore.) 

(2) Mr. John I<. Mott (Nagporc.) 

(II) Mr. Iv. A. Brokenshire (Jaiushed- 
pore.) 

(4) Miss G. A. Pearce (Madras.) 

(it) Mr. K. P. I*ele (Solapur.) 

(0) Mr. II. C. Reed (Mining Federation, 
Calcutta.) 

(7) Dr. A. N. Tankaria (Ahmedabad.) 

(8) Mr. N. M. Joshi (Bombay.) 

(9) Mr. S. H. Kulkarni (Bombay#) 

(10) Mr. V. G. Kanekar (Bombay.) 

The lust two gentlemen should act as 

Provisional J oint Secretaries. 

(b) That the above-mentioned committee 
be authorised to make the necessary 
arrangements for holding the next con- 
ference at such time and place as may be 
deemed suitable. 

(c) That also an appeal be made to all 
industrial concerns to extend their financial 
. n .l other support to this organization. 


Indian Railway Advisory 
Council • 

VoNSiDKRAHMi dissatisfaction has 
been expressed at the action of the 
Government of India in appointing 
the legislative Committee as the 
Central Advisory ..Couficil for Indian 
Railways. The action is, it is com- 
plained, diametrically opposed to 
the recommendations of the Acworth 
Committee, which intended that the 
Advisory Councils . should be 
thoroughly representative of the 
principal chambers anil association? 
representing trade and industry, and 
the local Legislatures, and . more 
especially, that many of the member? 
should be nonifiiated b } the variou? 
chambers. It is certainly creating i 
political body in place of one re 
presentative of trade and industry 
and we cannot appreciate any poip 
of advantage to be gained from sucl 
a course. If there are to be Railway 
Advisory Councils — and they hav 
operated with signal success in othe 
countries — there musf be adequat 
representation of all interests cot 
cemed. 



93 


I HIS U**S T .R \ K L ‘INDIA 


A Nevy Air Purifier and Humidifier 

The apparatus described in this article is the invention of the makers, Messrs . 


Smethurst & Sc 
and by making 
ously freed from 

• • 

P URE air will consist of a 
mixture of 20.91 £arts of 
Oxygen and 79.09 parts of 
Nitrogen by volume of 
23.15 parts of Oxygen and 
70.85 parts of Nitrogen by weight, 
with * small quantity (3 to 4 parts in 
10,000), of carbonic acid, varying 
quantities of Aqueous vapour (water) 
traces of Ammonia, Nitrous Acid, 
etc., along with varying quantities of 
solid particles, dust, etc. Of these 
components Nitrogen does not com- 
bine readily with other substances 
and for that reason will remain un- 
changed and uncontaminated by the 
respiration of animals. The Oxygen 
will combine with carbon during the 
process of combustion when inhaled 
by animals, and will result in an 
accumulation of carbon di-oxide (car- 
bonic acid), which is a gaseous com- 
pound. Inhaled in quantities about 
a certain amount carbon di-oxide is 
poisonous, while in smaller quantities 
it* produces varying effects on the 
human system, resulting in head- 
aches and weariness. The introdifd- 
* tion of fresh air int^> a building, has, 

* therefore, the effect of Improving the 
condition o^ the atmosphere by the 
removal, or a reduction of the volume 
- of carbonic acid the vitiated air may 
contain. Carbonic acift is readily 
soluble in water and is removed from 
the air, by nature, in various ways, 
among these being absorption of the 
gas by water and plants, and in this 
way the quantity of the gas iS 
naturally kept down to three or four 
parts in 10,000, although air is 
considered pure, t so .far as this 
substance* is concerned, whep then* 
are present not more than seven 
parts in 10,000. • 

Ventilating may be expressed as 
causing the air tp pass through any 
place for the purpose of expelling 
impure air tftid dissipating anything 
noxious. This process is usually 
performed, and the invigorating effect 
on the atm<fcphere is obtained by the 
induction of a le^s vitiated air, and 
the ejectioft of tne more vitiated air, 


is, of Manchester. * It is portable am 
use of a fine imter spray, the air in a 
impurities , and may be cither humidified 



0 Standard Model Size 3. 

Smethursts Patent VIGORATAIR Machine 

Fd& Extracting Dust from the Atmoshere 
Cooling ^leaning a Disinfecting Air 

Fig. I 

the latter to be purified by natural 
nfeans. The methods of purifying 
th£ atmosphere by nature rely on 
two mechanical processes, the absorp- 
tion of the foreign matter by water 
and the circulating of the air by 
winds ; the purification performed by 
vegetable life i*#a chemical operation. 
Falling water in the form of rain is 
pe^iaps nature’s most perfect one # of 
clearing the atmosphere of gaseous 
and solid impurities, by this means 
the air is thoroughly washed and the 
whole of the foreign matter it may b? 
carrying is eliminated. In ordinary 
ventilating systems there are two 
possible sources of failure, or at 
least has imperfect or injurious effects 
— first the passage of air over a large 
area is a necessity, the speed of the 
current may vary from different 
causes and an unpleasant draught 


l self contained , 
room is conti tut- 
or de- humidified. 


will be the result ; second the volume 
of air induced or exjxdled must be 
calculated on the alnount of vitiated 
air and the rate of its contamination, 
which is a variable quantity. Further, 
the source from which the supfxised 
pure air induced is received may itself 
be contaminated and hence no purifi- 
cation can take place. Perfected 
systems of Humidifying embody the 
principle of washing the air as it 
enters the building, but no method of 
washing the air while it is in the 
building has been adopted, so far, 
and the vitiated air must again be 
extracted from the building, creating 
another current of air. 

Messrs. Herbert Smethurst & Sons, 
Ltd., of Manchester and llollinwood, 
have patented and successfully placed 
on the market, an apparatus that 
performs the natural system of 
purifying the atmosphere in the 
room. The operation may perhaps 
appear to be reversed, the effect of 
falling water is obtained by an upward 
current of water spray, while the 
effect of the wind is obtained by 
collecting the air over a given area 
and slowly impinging the vitiated air 
on to the upward current of water, 
the pure air escaping at the base of 
the apparatus. These movements 
create a natural current of air from 
the lower strata to the higher, the 
higher area without draught and thus 
" remove the foul air to replace it 
by pure clean air," which is said to 
be the “ absolute essential in ventilat- 
ing." The apparatus is self -contained , 
each one works individually, or may 
be o]>erated collectively, and may be 
placed in various positions of height 
and distance to suit the circum- 
stances of the case. It consists of an 
outer case (as illustrated in Fig. 1.), 
made in various sizes. The top 
cover of conical formation is mad e of 
perforated metal and through this 
the vitiated air is induced by means of 
an* interior fan, and is delivered 
purifiett through the vanes at the 
base of the apparatus. The pat^ 
forming the base of the afJ)?aratus is 
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filled with water. The whole of this 
portion of the apparatus is stationary 
and is of pleasing design and sub- 
stantial construction. 

The circulation of the air and the 
water within this casing is jicrformed 
through a hollow cone-shaped tube 
Tinverted) revolving in an upper 
an d a lower bearing. Above the 
upper bearing the tube is pro- 
vided with a shaft on which is fixed 
a fan to create the air induction, and 
a small motor driving the fan and 
cone tube together. At the base of 
the cone tube the tube rapidly tapers 
to a point which 4s sealed by a short 
spindle suitable for bottom bearing. 
The rapid revolutions of this member 
creates two effects : the pointed end 
of the tube terminates at the lower 
level of the water in the pan and the 
water is elevated up the interior of 
the tube through a small hole in the 
extreme base of the tube by 
centrifugal force, which carries the 
water upwards to the wide portion of 
the tube in the form of a film, which 
is converted into a spray on leaving 
the top, when it falls hack by gravity 
to the pan reservoir. The fan fixed 
on the upper part of the shaft induces 
the vitiated air through the per- 
forated cover and forces it down 
against and through the water spray, 
and it is eventually ejected through 
the vanes at the base purified and 
cleansed. The natural effect therefore, 
is to dissipate the carbon di-oxide, 
the ammonia, the nitrons oxide and 
other noxious gasses through the 
absorption of the water ; the solid 
particles are washed out of the air 
and are deposited in the water pan 
to be periodically removed by the 
drain The object of the vanes, at 
the base of the apparatus, is to 
prevent the water, under the in- 
fluence of the rapidly revolving inner 
cone tube, being sprayed on the 
surrounding outside, and this it does 
effectually, lvach of the component 
parts can be readily removed for 
inspection or cleaning, the top ]x'r- 
(orated cone from the body, the body, 
containing the circulating cone, from 
the interior, leaving the base and 
water reservoir, and from this latter 
the strainer or sieve for solid particles. 
The capacity of the cleaning powers 
varies with the size of the machine 
or the diameter of the fan, and in- 
cidentally to the speed at which the 
latter is driven ; this latter also 
having a direct bearing on the amount 
of water passing up the conq tube. 
The smallest apparatus will purify 
the atmosphere at the rate of 10,000 
cubic ft. per hour, the larger size 
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will effectively ‘deal with 250,000 |uMic 
ft. per hour, and as previously stated, 
larger machines can be constructed 
to deal with a greater volume. The 
working of the apparatus is scientifi- 
cally correct and is simple of manipula- 
tion ; these advantages render it 
particularly adaptable to large or 
small rooms. The ‘purified air leaving 
the base of the apparatus is also 
humidified and is influenced by the 
temperature of the incoming air 
and water employed. Other uses of 
the purifying water may be found 
by mixing the water in the pan with 
disinfectant, deodorizer, scented, or a 
chemical solution, to overcome any 
contamination to which the atmos- 
phere may be specially liable. No 
special fittings are required for the 
installation of the " Vigoratair,” the 
smaller sizes will run off the ordinary 
electric lighting current. The 
apparatus will stand on the floor, on 
a table or an ornamental stand, and 
as previously ’emarked, may be 
moved from one position to another 
to obtain the best results. More 
elaborate fittings can be supplied to 
suit special requirements, for example, 
an electric heater or a steam coil 
may be inserted in the top per- 
forated cover, to vary the tem- 
perature of the air, or the pan re- 
servoir may be connected with a 
steam coil to evaporate the water for 
hastening humidification, or through 
the same circuit as the steam X 
refrigent may be passed to cool down 
the water and the air as it passes 
through the spray which will ;dso 
reduce the water vapour front the 
air as required for cooling and de- 
humidifying. Also when a number 
of machines are operating in large 
areas the " Vigoratairs M may be 
connected up to a supply tank ayd 
ball tap to maintain a regular supply 
of water to conqxMisate for evapora- 
tion. 


Industrial Application 

The application of the “Vigoratair" 
muy be generally adopted in weaving 
sheds, ring and mule spinning rooms, 
card rooms, clothing factories, hosiery * 
mills, flax and jute mills, worsted 
factories, etc., etc., and also in work- 
rooms of every' description and a 
• hundred and one other trades. 

Dc- Humidification.— The " Vigora- 
tair " may, with the addition of a 
refrigerating coil, be adapted for 
de-humidification of the air, especially 
in India, China, Japan, and South 
America, where the condition of 
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excessive moisture is present in the 
atmosphere and which retards the 
full mill out-put during a greater part 
of the year. 

Commfrtially . — The application of 
the “ Vigoratair "+ may be generally 
applied in offices, banks, warehouses, 
store-rooms, food-stores, etc. 

Other General * 'Applications 

Cinemas and schools would find 
the application of the “ Vigoratair ” 
very advantageous. Itj the former 
draughts are far too frequent for 
comfort* as a rule, thereby resulting 
in many vacant scats, whilst with the 
aid of this machine there would be no 
inconvenience whatever. In schools 
it could be used at any time desired, 
particularly in the late hours, when 
weariness, lassitude, and want of 
attention are noticeable in both 
teacher and scholar. 

Cafes, hotels, smokerooms, steam- 
boat lounges, etc., all of which ^are 
often found to be unhealthy and un- 
bearably stuffy, could easily be 
rendered clear and comfortable by 
the application of the “ Vigoratair." 

Hospitals would be able to disDense 
with the use of jars of standing water 
and periodic spraying. The purifica- 
tion and disinfecting would be per- 
formed continously day and night — 
with the “ Vigoratair ” which, whilst 
working, is practically noiseless. 


Motor Traffic and Road 
Conditions 

9 

• • • 

A very important question in the 

consider at ioit of motor transport de- 
velopment is that of road conditions. 
We have tyeen brought forcibly up 
against this trusim by painful ex- 
periences in certain Continental 
countries where, in the course of 
mqpy hundreds of miles motoring, we 
suffered from the defective road 
surfaces. In Great Britain, very 
careful attenfion i$ being paid to this 
matter* many new arterial roads 
constructed *of reinforced concrete, 
and specially built to withstand 
heavy motor traffic, having been 
developed within reoent years. India 
has much to consider in this con- 
nection, and we could tosh that the 
question of transport had been treated 
comprehensively, as the Acworth Com- 
mittee considered the Railway pro- 
blem. That may c<ame, however, in 
good .time. 
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THIS SECTION DEALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
:: V. THE MANAGEMENT AND CONTROL OF RAILWAYS :: :: 


* Concrete Roads (II.) 

(( oncluded from page 017. Vol. I.) 


I N this article we conclude Mr. J. 
H. Walker's paper on concrete 
road construction, which in- 
cludes a detailed description of 
the methods evolved by the 
author’s firm, known as the Walker- 
Weston system. For illustrations of 
the reinforcements used we would 
refer readers to our June issue. 

Laying in Alternate Bays 

It is interesting here to note that 
Mr. Boulnois in 1917 published a 
draft specification for the making of 
concrete roads in which he recom- 
mended the concrete to be laid in^ 
alternate bays. It is necessary, 
however, to point out that such bays 
with ordinary vertical joints are, 
without a system of interlocking one 
with the other, open to a grertf ■ 
objection of tending, under heavy 
loads concentrated • 01 ^ the* edges, 


to sink locally like a raft at sea 
similarly loaded with the result that 
the wheels pound and wear away 
the raised arris of the adjacent slab. 
Thanks to the energy and enterprise 
of the Walker-Weston Company this 
difficulty has been provided for by 
locking the slabs together. 

Concrete expands through heat j in. 
per 100 ft. for every 50 deg. F. rise 
of temperature. In a long stretch of 
concrete road subject to exceptionally 
high temperatures on a blazing hot 
summer’s day, concrete even with 
expansion joints has been known to 
fail by buckling upwards, partly, 
perhaps, due to too little thickness 
a fid consequent lack of weight to 
keep it down, and also to bad work- 
manship at the day-work joints, 
each stunt-end has been left at night 
wit ft * laita nee-covered slope instead 
of a perfectly vertical face from the 


formation to wearing surface. In the 
latter case, failures have taken place 
through the slab at one side of a 
joint sliding upwards over the ad- 
jacent slab (see “ Concrete and Con- 
structional Engineering ” for August, 
1921). It is advisable, therefore, to 
have a sufficiently thick slab, and not 
to err in the other direction from a 
false economy point of view. The 
early American concrete roads were 
principally country roads, about 15 ft. 
wide, taking the place of unmetalled 
earth roads, and many were made 
fi ins. thick and less with a view 
to getting maximum mileage for the 
money available. The Report of the 
U S. Bureau of Public Roads, re- 
sulting from a study of the Californian 
State Highways System, where hun- 
dreds of miles of concrete roads have 
been laid since 1913, states as regards 
concrete roads : — 




“ It cannot* be said in 1920, in 
the light of the fact that the great 
usefulness of the Highway System 
is now proved, that the State would 
have realized its usefulness and 
provided funds in equal volume 
Jiad not the system been extended 
as rapidly as it was, and at some 
sacrifice of either temporary or 
ultimate durability to increased 
mileage* 

Increased Thickness in Concrete 
Roads 

“ The present American practice is 
towards giving* increased thickness 
over those previously employed. 
Requirements from roads in Great 
Britain are more exacting than in 
American country roads fed by 
rutted grass tracks unsuited for 
heavy British road traffic, and 
where, in the United vStates, cracks 
in the roadway are looked upon by 
many engineers as inevitable and 
accepted as such. It is therefore 
not to be accepted as indisputable 
that English practice should follow 
blindly on American practice, either 
as regards thickness of slab, method 
of construction, or the complacent 
acceptance of irregular cracks in the 
road surface, which latter in Con- 
necticut and other places have 
obviously been found to be far more 
difficult of maintenance than 
straight thin joints of pre- 
determined spacing.” 

Now, having some of the physical 
facts relating to concrete with a few 
comments thereon, it will be of 
advantage if, with these in mind, we 
proceed to see how some of the 
present-day methods of Great Britain 
conform with them. 

A Typical Case 

A typical case is of a road 20 ft. 
wide, with a bins. thickness of con- 
crete reinforced with either double- 
layer pyramidal steel mattress with 
equal strength longitudinally and 
transversely, or with one of the 
various types of single-layer meshes 
having the main reinforcing bars 
running in one direction only, and 
laid either near the underside or near 
the surface, according to the pre- 
ference of the engineer. In some 
cases the single layer meshes are* 
duplicated and laid in position 

* separately, one near the underside 
and one near the surface of the slab. 
The bottom 4 ins. of the slab is of 
suitable aggregate with perhaps a 

* weaker mortar than the top 2 ins,, 


the aggregate of which fitter 
often consists of small-sized granite 
clippings. If the roftd is to be 
finished oil with a wearing coat of 
tar and chippings, the surface is left 
somewhat rough. 

The concrete is put down in con- 
tinuous lengths around the reinforce- 
ment with expansion joints or not, 
as the case may be. If expansion 
joints are provided they arc spaced 
according to individual preference, 
at distances varying from 50 to 500 ft. 
To prevent wear of the exposed 
concrete arrises at the expansion 
joints, steel protection plates are 
sometimes used, which have the 
disadvantage that the traffic transfers 
the wear from the joint to the con- 
crete at the back of the plates. At 
the end of the day, the concrete is 
brought to a rough vertical face, and 
extra longitudinal reinforcement per- 
haps inserted. The reinforcement is 
left protruding ready to bond to the 
next day’s concrete. It is often 
considered satisfactory, owing to the 
continuous reinforcement making it 
difficult to put up a workmanlike 
stunt end board right across the road, 
to make as good a job as possible 
with small pieces of wood stuck in 
the ground, and to keep the top 2 ins. 
a little way back from the end of 
the bottom laye^. Sometimes, a 
very objectionable practice is adopted 
of putting down ahead of the main 
body of concrete small banks of con- 
crete, in the top of which are em- 
bedded temporary wood screenings 
strips for levelling the surface. In 
other cases, the bottom concfete is 
put down continuously, and the top 
2 ins. surfacing added after the lower 
layer has set hard. Here we have 
many instances of laitance planes 
between successive days, with Jhe 
certainty of failure and increased 
maintenance due to sooner or later 
formation of irregular tracks, whiclr 
are the bugbear of concrete road 
makers, and apt to be accepted as 
inevitable with a rejignation worthy 
of a better cause. Again, it should 
always be borne in mind that where 
we put down new concrete against , 
the previously laid and set concrete 
so that the former, at the point of 
.♦contact is waney-edged, or wedge- 
shaped, there will be a source of 
weakness, and the^concrete will 
eventually break away and cause 
big holes. 

From what has already been said 
of the characteristics of concrete, 
the evils of some of the present-day 
methods should be obvious. 


How Concrete Roads Should be 
Laid 

It is, however, an easy matter to 
criticise adversely designs and methods 
of construction in a new industry 
such as the making of concrete roads. 
Far more instructive it is to state 
how concrete roads should be made 
in order to conform with the known 
facts of the physicaf characteristics 
of the materials employed. This we 
will now describe, and for our purpose 
take the cas£ of an •entirely new 
arterial road, built up in the open 
country, and required to take the 
fastest and heaviest type of present- 
day traffic. Where existing town 
roads have to be made in concrete, 
one half of the road at a time, the 
methods of construction have* to be 
varied to suit altered circumstances, 
but the essential principles are easily 
adhered to. 

Fig. 1 shows a plan of a stretch of 
concrete road 30 ft. wide. The •con- 
crete is of a minimum thickness of 
9 ins., lOins. or 11 ins., according to 
the nature of the formation, etc. 
The bottom layer of concrete is 6 to 
1 ballast concrete, whilst the top 
layer, 2j ins. thick, consists of a 1 
to 1J-3 mix, the aggregate being of 
tough granite well broken into approx- 
imate cubes to pass through a 2J ins. 
ring, and be retained on a ljins. 
•ring, all flakey granite to be rejected. 
The reinforcement to be of double- 
layer mesh connected together with 
diagonal tension members. # The 
weight of the mesh to be 10 lbs. per 
square yard and upwards, according 
to requirements. The top layer of 
concrete is • laTd on the bottom 
layer befo*? the latter has set. As 
««on as the top surface can be walked 
upon without injury, it must be well 
washed and broomed to remove the 
laitance, and so leave each granite 
stone clean and standing well out of 
the mortar. The concrete to be kept 
wet for 10 days after setting. Some 
•time before traffic is put on the road, 
tke surface to be well brushed clear 
of dust and grit, and to be covered 
with tar or bitumen and granite 
► chippings. Great^importaftce is placed 
upon efficient washing and brushing 
of the top surface to remove laitance. 
This latter, properly done, is cheaply 
and easily carried out, and ensures a 
lasting coating far Superior and more 
efficient than that pqt on a good 
water-bound macadam road. This 
carpet is easily renewable every one, 
two or more years, Recording to 
amount of traffic, and in addition to 
taking the wear, serves *lso to pro- 
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tcct the concrete from varying al- 
ternations of wet and dry with its 
consequent bad effects. Some 
engineers specify the top coating of 
concrete to be of fine aggregate, and 
propose to take the wear of the 
traffic direct on the concrete. Others 
use fine aggregate in the surface 
layer and also put on a tar carpet, 
9vhk:h latter soon wears off in patches 
due to the laitanco on the concrete 
surface. Kxj>ericnce goes to prove 
that large sized aggregate for the top 
surface is preferable to that of less 
than jin. and upwards to J in., 
which latter crush like nuts under 
the action of infti tyres of heavy axle- 
loaded steam wagons. Some engineers 
prefer to let the unprotected concrete 
take the wear of the traffic for some 
indefinite period, and afterwards, 
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pressions in* the concrete — it|is # not 
glaring to the eyes, like an uf coated 
concrete road, and it ts more pleasant 
for the traflie to pass over. Concrete 
roads, although a new departure in 
engineering, are entitled to just as 
much fair play as steel bridges and 
exposed timber structures, which are 
painted and re painted as and when 
necessary. 

The concrete to be laid in alternate 
bays 10 to 12 ft, wide, with the rein- 
forcement not continuous from bay 
to bay, and the bays are preferable 
placed at an angle of 1 in 3 to 1 in 1 
instead of square across the road. 
The intervening bays to be filled in 
after the alternating bays have set 
hard and have taken up part of their 
setting contraction. This results in 
the inevitable 1 in. contraction in 
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road is easily understood when it is 
recognised that as each slab is prac- 
tically a raft on a more or less movable 
foundation, it is desirable, for more 
reason# than one, not to have both 
the wheels of a heavy axle load resting 
on the edge a slab at one time, 
but rather to have the weight spread 
on two slabs. The same reasoning 
accounts for the adoption of the 
simple form of concrete vertical 
forms with slip in pieces (see Figs. 
4 to 7) whereby each adjacent slab 
is interlocked vertically and sideways, 
one with the other, in such a mannner 
that *the weight of a rolling load 
passing over a joint is at all times 
supported by both slabs. If the 
alternate slab method of laying con- 
crete be used with simple vertical 
joints, a heavy rolling load would tend 
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when the surface is worn (as likely 
as not unevenly, and in grooves and 
pot holes) to apply a top dressing 
of tar and clappings. This doubtless 
follows from disappointing results in 
previous attempts to make a tar 
carpet adhere to a concrete surface 
covered with dried lnitance scum. 
Here, again, is seen a reluctance to 
face facts as we know them, and to 
adopt methods accordingly. A bitu- 
men or tar-dressed road gives a 
waterproof coating to the concrete, 
and prevents alternations therein of 
extreme wetness and dryness, with 
their accompanying detrimental 
effects. Properly applied it has a far 
longer life than on a macadam road — 
it is easier to renew it than to hack 
•out an<V patch up holes and de- 


each stretch of road laid continuously 
in day-work lengths of 100 ft. being 
split up into straight joints about 
1/15 in. wide instead of the large 
straggling cracks so detrimental to 
maintenance. The* tar or bitumen 
coating afterwards applied has suffi- 
cient plasticity to span these thin 
joints. These latter act as expansion 
joints to provide for increases it^ 
temperature even in cases when the 
••road is laid, as is preferable in the 
colder months of the year, when the 
resulting crack in thfr joint will be 
less than in roads laid in hot weather. 

Reason for Interlocking Joints 

The reason for the inclination of 
the slab out of the square with the 


to press down the edge of a slab, 
and passing across a joint, knock off 
the arris of the adjoining unloaded 
and undepressed slab. This latter 
• action would soon result in innumer- 
able holes in the roadway at the joints 
in the slabs. 

It will by readily seen that with 
the alternate bay method of laying 
concrete areas, a method long re- 
cognised as« appertaining to all high- 
class engineering construction, such 
as, for instance, Admiralty work, 
it is necessary to carefully plan out 
the means of carrying, out the work 
at site in order to obtain maximum 
efficiency and economy in the road 
itself, together with a .minimum of 
time required to execute the work. 

It will be said that the American 
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methods recently introduced in Great itudinaP planks so as to be easily The buildings in this case were 440 
Britain have been very successful taken up, transported and re-laid. ft. long x 120 ft. wide x 45 ft. high, 
in the United States m executing A light lattice girder, with an attached For further particulars we refer our 
some 13,000 miles of concrete* road cableway underneath, is supported readers to the Issue of “ The Engineer’ ' 
with great speed and economy. Such by block and tackle from the tops of for December 24th, 1920. It needs 
is certainly the case, but it is con- the two trestles. This girder is of little imagination to foresee further 
sidered that the efficiency of the light construction, needing only to use for this type of crane, as, for 
finished roads, if called upon to bear be made sufficiently strong as a beam instance, in excavating for roads 
the equivalent of «prescnt-dny British to carry its own weight, and can be where the crane, fitted with a single* 
traffic, requires to be considerably lengthened for use on a 40 or 50 ft. rope grab, would span the entire 
improved upon. The American type wide road by inserting the necessary width between boundary fences and 
of concrete mixer, with gutstretched extra length at central bolted field excavate as necessary, dumping the 
boom for depositing the concrete in joints. As the girder is flexibly material into railway wagons on 
position, standing as it does on the supported from the trestles, it is of lines between the two travelling 
formation and travelling back iflong little importance if the girder is level supports of the loosely suspended 
the centre of the road as it lays the or inclined, or whether one trestle overhead strut cablew.fy. 


concrete, is obviously unsuited for the 
alternate bay method of making 
concrete roads, and was designed as a 
labour-s^ing proposition in con- 
structing roads in continuous lengths. 
Similarly, the tamping machine, 
travelling longitudinally along the 
road, is also unsuited. Fortunately, 
there ate other means as efficient and 
economical, whereby the road may 
be constructed in alternate bays and, 
as might be expected when the pro- 
blem is fairly faced and solved, such 
means give other additional ad- 
vantages not previously thought of. 

A suitable plant lay-out for a road 
30, 40 or 50 ft. wide is shown in Figs. 

1 to 7. 

The first considerations are the 
forming of the road bed and the 
delivery of materials to site. These 
will vary according to circumstances. 
Perhaps the delivery of the ballast, 
broken granite, sand and cement to 
the concrete mixer may be by rail or 
by road vehicle. A sizable arrange- 
ment is to store the material before- 
hand at various depots eftong the 
road spaced at, say, Suitable intervals* 
of 400 to 600 ft. In Figs, 2 and 3 
the road shown is 30 ft. wide. The 
concrete material is brought to site 
on a narrow-gauge tramway and 
dumped in mounds on the formation 
at suitable temporary depots. The 
concrete mixer can be oil-driven, and 
of | cub. yd. capacity, with an* 
elevating hopper. 

• • 

Cableway Crane • 

The road is spanned by a small 
type " Walker ” overhead strut cable- 
way crane, with a travelling portal 
trestle on one side bf the road, and 
on the other side of the road a trestle 
mounted on a travelling platform on 
which latter is the operator with two 
winch drums and oil engine for 
actuating the "cableway. The rails 
on which the # trestles run need only 
be of fight section spiked to loi^g- 


be moved, somewhat ahead or behind 
t fie other trestle. 

This cheap and quick-working crane, 
which may be motor-driven nr hand- 
traversed, can be converted into a 
tent by placing two scaffold poles 
across the road, supported by the 
under framework of the two trestles. 
The suspended girder acts as a ridge 
over which to throw an awning, the 
two bottom edges of which are 
attached each to the foot of one of 
the scaffold poles. Such a tent can 
be internally lighted when the crane 
is in use on a dark winter’s afternoon 
or otherwise. 

As one of the chief difficulties in 
first tackling the problem of laying a 
concrete road 30 or 40 It. wide in 
alternating bays was the lack of a 
machine capable of putting the con- 
crete in place cheaply and expe- 
ditiously, it is pardonable to enter 
\ somewhat into the details of a crane 
so emiifently suited for the work 
required, bv its light weight and 
flexibility, particularly when we con- 
sider that the solutions of far more 
sensational load-handling problems 
by iqpans of portable suspended over- 
head ^cableways originated in the 
successful endeavour to overcome 
this difficulty. For the benefit of 
those unacquainted with this simple 
4ype of crane, we would refer to the 
original and very successful timber- 
constructed crane of this type, 
forced concrete buildings in the docks 
primarily used, however, in laying 
concrete roads continuously before 
tUb interlocked joint for slabs laid 
alternately was invented, details of 
which are given in the previous 
publications Issued by the Walker- 
Weston Company. We also give, in 
Fig. 2, details of the overhead strut 
cableway crane. This latter crane 
was used for placing scores of pre- 
moulded concrete beams, weighing 
4 tons, anywhere as required by the 
« Port of London Authority. 


To continue with our description 
of the method of constructing the 
road, the concrete is conveyed from 
the mixer on a small-rail motor- 
driven wagon, running on a narrow- 
gauge track. This car has a platform 
large enough for the two concrete 
tipping skips. The ear takes a full 
skip from the mixer and runs with it 
under the portal trestles and stop 
under the cableway. The empty skip 
from the cableway is deposited on 
the ear and the full one removed. 

The ear then runs back to the mixer 
to get the empty skip refilled. The 
reinforcement proposed is of the 
double-layer pyramidal reinforcement 
owned by the Walker-Weston Com- 
pany, which is bent and assembled 
in full-bay sections on the lightly- 
constructed movable assembling plat- 
from shown. The steel used is as 
sent direct from the rolling mills, all 
necessary bending done at site with 
local labour. 

A careful study of the lay-out and 
a rough calculation of time and men 
required to do the work will suffice 
to give an idea of the speed, efficiency 
and economy with which the work 
can be carried out in either summer 
or winter. The motive power has 
been assumed above as of the internal 
combustion type, but a dynamo 
driven by an oil engine, both mounted 
on a bogie and supplying current to 
an overhead wire from which each 
machine and the lighting installation 
takes its current, is well worthy of 
great consideration, as also arc other 
sources of power perhaps specially 
suited to tfie requirements of a 
particular locality. 

It will be readily seen that all the 
plant is easily movable with the 
assistance of the small power-driven 
small -gauge motor bogie, and little 
delay results when it is necessary to 
move aloftg the road to another depot. 

It is unnecessary here to enter into # 
further details of shape anti con- 
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atruction of formation, drainage, 
camber, the Laying of the concrete in 
two layers, and the washing of the 
top surface to give a binding to the 
finished coat of tar and granite 
chippings. It is advisable however, 
to call particular attention to Figs. 

4 , 5, 6, and 7, which clearly indicate 
•how the slabs arc interlocked one 
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with the other both upwajd^ and 
downwards as well # as transversely 
with the road, whilst giving freedom 
to the slabs to expand and contract 
lengthwise with the centre of the 
road. This method has been put 
into practice by the Walker- Weston 
Company Limited. Its use remedies 
the only defect in the otherwise 


excellent practice of laying concrete 
in alternate bays and makes such 
practice a perfectly sound and 
scientific proposition for concrete 
roads # onrrying heavy motor traffic. 
The drawings for the sake of simplicity 
show the forrtis as constructed in 
timber but for repeated use they 
are best constructed of steel. 


The Need for an All-India Gauge Policy 

By FREDERICK GEORGE ROYAL-DAWSON, M.lNST.C.E. 

Mr. Royal- Dawson recently dealt very fully with this important subject in a paper read before 
the Indian Section of the Royal Society of Arts, the first portion of which we reproduce here. 


T UN years ago a paper on 
" Indian Railways ” was 
read before this Society by 
the late Mr. Neville 
Priestley, a traffic officer 
who was at one time Secretary to the 
Indian Railway Board, and who 
subsequently became associated with 
the South Indian Railway, first as 
General Manager in India and finally 
as managing Director in London. 
Mr. Priestley's paper was taken up 
mainly with the financial side of the 
subject, the gauge question being 
only incidentally touched on as in- 
fluenced by financial considerations 
in the past. Mr. Priestley’s object 
was to show that an extensive pro- 
gramme of railway construction was 
needed, especially in the form of 
light feeder lines, to open out and 
develop the country, but that Govern- 
ment methods were not conducive 
to the encouragement of private 
enterprise in this direction. In 
particular, he sought to show that the 
high capital cost of some railways 
had been due to the Government’s 
insistence on too high a standard of 
construction, and this ^ave rise to a 
question being asked m Parliament. 
But on this point he laboured undef 
a misapprehension, for in the first 
place, not being an engineer, «he 
perhaps did not realise that the first 
cost of a railway was influenced more 
by the nature of the country passed 
through than by any arbitrary stan- 
dard of equipment or strength, and 
in the^econd place, his assumption as 


to the insistence of unnecessarily 
high standards was not in accordance 
with the declared policy of the 
Government, for although certain 
standards had been laid down for 
important lines, the Government 
had specially emphasised that such 
standards could be relaxed in cases 
where they were considered needlessly 
onerous. I may add that this attitude 
of “ Ghuib Parwar " or “ Protector 
of the Poor " on the part of the 
Government in relation to liglit rail- 
ways still holds good, oqjyi such 
standards ('1 construction being in- 
sisted on as are dictated by common 
sense. 

« 

Government Method 

The methods of Government in 
dealing with railways have, hertvever, 
been exposed to criticism in other 
directions. For this reason a Com- 
mission was appointed the year before 
last, under the chairmanship of Sir 
William Acworth* to consider the 
whole question of the administration 
of Indian Railways, including the 
general question of railway financ?, 
also the knotty question of Stgte 
versus company management, and 
the adequacy or otherwise of the 
system of administration and control 
by the Railway BuBrd as at present 
constituted. Their report was pub- 
lished last year. Although the gauge 
question was not specifically included 
within the scope of \heir investiga- 
tions they recommended (with one 
dissentient) that this question should 


be referred to a Committee of experts. 
This report is now under consideration. 

In the meantime the Institution of 
Civil Engineers kindly gave me an 
opportunity, for which I am much 
indebted to them, to present a paper 
on the subject of the Gauge Problem 
for discussion in that Institution last 
November. This paper was some- 
what technical in detail, but the dis- 
cussion which it elicited was most 
valuable in that it indicated that the 
majority of those who expressed 
their views and who were competent 
to fojm a disinterested opinion on the 
question, t greed generally .with my 
condusidhs. By m^ins of the dis- 
• cussion, also, •! was placed in 
possession of the strongest potential 
arguments that could be brought 
forward by opposing interests against 
my proposals and have thus had an 
opportunity to give these arguments 
full consideration when preparing the 
present paper. I am therefore in a 
•position to assure this audience that 
the views which I am about to 
express, ^lthqpgh not offidal, are 
backed by a Large body of disin- 
terested opinion, that such adverse 
criticism* as they have already re- 
ceived has been considered and dealt 
with in this papgr, also that they are 
not novel in character, but merely 
that they have beem brought up to 
date. I may also add that they do 
not conflict with any Government 
policy for the simple reason that 
the Government, has no definite 
policy on the question at present. 





102 




R l .A L 


103 


1 N D> U S ' 

links. As a result of this heresy, 
the Cawnpore-Barhwal link, 80 miles 
long, was constructed by State agency 
across the broad gauge territory of 
the Oudh and RohiUamd JjMway 
and actually alongside the broad 
gauge track of that r^lway between 
Cuwnpore and Barhwal, to connect 
the Bengal and North-Western with 
the Rajputana-Afalwa and Guzerat 
metre gauge systems, while with the 
idea of an ultimate north-and-south 
metre gauge connection, dhe Hydera- 
bad-Godaveri line, 391 miles long, 
was constructed over hitherto, un- 
occupied territory, on the metre 
gauge, although connecting only with 
broad gauge railways at its two 
extremeties. 

Thus the recommendations of 1889 


havelx^n scattered to the # wiuds, and 
there is now considerable interlacing 
of the gauges. Although the Guzarat 
and ] odhpore-Bikaner railways con- 
necting with the Rajputana-Malwa 
system appear to be at present in 
purely metre gauge territory, the 
Karachi- Agra broad gauge project, 
winch is likely to materialise in the 
not very remote future, involves the 
conversion of the greater part of the 
J odhpore-Bikaner main line to broad 
gauge, besides the crossing, if not the 
conversion, of a portion of the 
Rajputana-Malwa. Similarly the 
north and south backbone line of the 
metre gauge section of the Eastern 
Bengal Railway is in process of being 
converted to broad gauge. These 
contemplated conversions serve as 
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illustrations of a generally accepted, 
though not officially recognised, 
principle that arterial routes should 
preferably l)e on the broad gauge, and 
that, as a corollary, if a metre or 
other narrow gauge line occupies an 
alignment approximating that re- 
quired for a contemplated arterial 
route, it is, in the absence of specific 
legislation to the contrary, liable to' 
be converted to broad gauge. As we 
have seen, some of the original metre 
gauge lines, such as the Indus Valley, 
being arterial in character, were 
subsequently converted to broad 
gauge. 

A notable exception is the 
Rajputana-Malwu, which, before the 
construction of the Nagda-Muttra, 
was aligned on an arterial route 
between Delhi and Bombay, breaking 
gauge at Ahmcdabad. It was at one 
time contemplated that this line 
would be ultimately converted, in 
anticipation of which it became the 
practice, when girders were due for 
renewal, to renew them up to broad 
guage standard. Then came the con- 
struction of the Nagda-Muttra broad 
gauge railway, on an alternative 
alignment, through much more difficult 
and less productive country. This 
line, it is true, takes a heavy through 
traffic, but there is no apparent reason 
why, if the Rajputana-Malwa had 
been converted to broad gauge, as 
originally contemplated, it could not 
have dealt with this through traffic 
as well as its own. Of course, it may 
be argued that the Nagda-Muttra has 
served to open up new country, but, 
taking a wide view, the anomaly 
remains that, as between the two 
alternative routes the more important 
and less difficult terrain of the 
Rajputana-Malwa is served by a 
metre gauge railway, while the less 
important and more difficult terrain 
of the Nagda-Muttra is served by 
the broad gauge. The acquired im- 
portance of the latter is derived 
mainly from its through traffic, which 
has been more or less diverted from 
the Rajputana-Malwa and the Great 
Indian Peninsula routes between Delhi 
and Bombay. 

The true explanation of this reten- 
tion of the Rajputana-Malwa as a 
metre gau^c line is, perhaps, to be 
■ found in the Cawnpore-Barhwal metre 
gauge link, already referred to, 
•traversing the broad gauge zone of 
the Oudh and Rohilkund Railway, 
and actually laid alongside a broad 
gauge track, to connect the Raj- 
putan^Malwa and Bengal and North 
Western systems. 

Thus, we see how one ■departure* 
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from principle has led to another. 
The first departure from principle 
was the introduction of the metre 
gauge, on the grounds of cheapness 
of first cost, to supplement the 
standard gauge, in spite of the break 
of gauge involved thereby. The 
next departure from principle was 
to connect two metre gauge systems 
rt with one another by a link traversing 
broad gauge territory, in order to 
increase the lead of purely metre 
gauge traffic, in full recognition of the 
fact that such a link represented 
redundant mileage, besides failing to 
obviate the necessity of transhipment 
points with tht* broad gauge in other 
directions. 

It has been argued in defence of 
this particular example that the link 
was necessary in the public interests 
in order to develop the trade between 
the Sub-llinialayan region re- 
presented by the Bengal and North 
Western Railway on the one hand, 
and the Rajputana and Guzerat 
areas on the other. While fully 
recognising the force of the contention 
a counter argument would be that 
there is no a priori reason why, on 
public grounds, the Bengal and 
North Western Railway should be 
connected with the ports of Guzerat 
by an unbroken gauge, while it has to 
break gauge with the more im- 
portant j)orts of Calcutta, Bombay 
and Karachi, involving transhipment 
at about a dozen different points. 
In short, weighing the arguments 
against one another, the suggestion 
arises that, on general grounds, links 
of this nature are more conducive to 
the interests of the linked railways 
than to public interests as a whole, in 
the sense that, while they may 
create new tratlic, they also tend to 
influence the natural trend of traffic. 
It must also be obvious that, if this 
linking up policy were carried out 
indefinitely, it would mean redundant 
mileage and consequent waste of 
capital everywhere, while it would 
not save the general public from the 
evils of break of gauge until every 
station in India had been served by 
both gauges, which is a reductio ad 
absurdum. Short of that consumma- 
tion, the aggregate tonnage of tran- 
shipment would increase concurrently 
with the co-extensive increase in the ' 
mileage of the two gauges. 

The Different Gauges 

To those who argue that the 
introduction of the metre gauge in 
the seventies was an economic 
1 necessity, in order to increase the 


railway mileage of India at^i Wower 
first cost than would have been 
]x>ssible by the use* of the standard 
,V <r gauge, the reply is that an even 
greater mileage could have been 
secured for the same money by a yet 
narrower gauge, such as 2' 6". It is 
significant that the existence of the 
metre gauge I mis not prevented the 
subsequent genesis and growth of 
2' 6" and 2' 0* gauges. To those who 
say that a narrower gauge would not 
have fulfilled the purpose for which 
the metre gauge was intended, the 
reply is that for thirty years after 
the metre gauge had been introduced, 
its average volume of traffic, measured 
by earnings in rupees per mile per 
week, had not attained the figures 
which several 2' 0" gauge lines can 
show at the present day. It should, 
however, he remarked that certain 
original metre gauge lines, such as the 
Indus Valley and Punjab Northern, 
were subsequently converted to broad 
gauge. 

Assuming, however, that the metrii 
gauge performed a useful function at 
i certain period in railway history, 
thus condoning the breach of the 
principle of uniformity for the time 
being, the fact remains that the metre 
gauge has grown to such an extent 
as to constitute at the present time a 
second main gauge. In other words, 
a duel gauge is now in full play. The t 
present railway mileage according to 
gauges is, in round figures : # 

Broad gauge ... 18,000 miles. 

Metre gauge ... 15,000 •„ 

Narrow gauges ... 3,500 


average cost of the broad gauge was 
2.49 times that of the metre, and the 
ratio of earnings also 2.49. Lastly, 
in 1920, the broad gauge cost per 
mile Vias 2.31 that of the metre 
gauge, and the ratio of earnings 2.35. 
It may be aided that the average 
cost per mile of a narrow gauge line 
(2' 6" or 2') in the same year was .57, 
or rather more than half that of the 
metre gauge, while the earnings per 
mile were .40, or rather less than half. 

I leave th? narrow gauges out of the 
discussion for the present, because in 
the Mrs! place their combined mileage 
is comparatively small, and in the 
second place they carry their own 
limitations in regard to capacity and 
speed, so that they can never attain 
the status of main lines. • 

The questions at issue are : — 

(1) is a perpetuation of the dual 
standard desirable in the public 
interests ? 

(2) If not, is alleviation of the evil 
financially practicable ? 

I propose to answer the first 
question in the negative and the 
second in the affirmative. 

(To be continued.) 


Total ... 


30,500 „ 


In the 46th Annual Report of H.M. 
Inspectors of Explosives for the year 
1921 it is stated that the number of 
accidents under the heading of V Use 
and Miscellaneous ” was 205, causing 
*30 deaths and injuries to 219 persons. 
This compares with 48 deaths and 410 
injured durfng 1920. 


These figures represent route • 
mileage only. For actual track 
mileage the figures for the broad 
gauge should be increased by iffcout 
one-seventh to cover the double 
track portions on that gauge. With 
the exception of a small portion of 
the main line in Burma, and two * 
short incidental “ necks/’ seven and 
ten miles long respectively, in Upper 
India, the metre gauge is still prac- 
tically all single track throughout* 
India. « 

The outlay on the various gauges 
bears a close relation to their respec- 
tive gross earnings, thereby indicating 
that the ultimate dRst of a railway 
depends more on its volume of traffic 
than on its gauge. Thus, in 1883 the 
average cost per mile of a broad 
gauge line was 2.68 times that of the 
metre gauge, and the earnings 2.69 
times as great. Again, in 1903, the 
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Railway Development in India 

In the following article, one of our correspondents deals with the 
system of braking at present in use on the broad guage railways, 
and makes some important statements concerning the existing 
slate of the vacuum system, and makes suggestions for the more 


efficient im 

T HE photograph wc reproduce 
represents a goods train of 
a capacity the G.I.H. 
Railway Administration is 
anxious to consider regular 
practice on its lines. The locomotive 
hauling *he train is one of a new 
ty]>e of 10-coupled goods engines 
recently put into service, and the 
train behind it consists of 117 bogie 
wagons, each of which can carry 
40-50 tons of cotton or other mer- 
chandise. The train is fitted through- 
out with the automatic vacuum 
brake and has at the rear a single 
van of only 10 tons weight. The 
contention of the 0.1.1*. authorities 
is that the only safe conditions to 
run such a train as this is with the 
automatic continuous brake in opera- 
tion throughout. If this is not 
working, then they must attach at 
the rear three 20-ton brake vans, with 
three independent brakesmen to 
operate them. The necessity for this 
brake power at the rear is due to the 
unreliability of the screw couplings 
which are practically strained to 
their limit when locate^! at the^tront 
end of such heavy trailfs as this. 
It is needless point out^that the 


king of the braking system on the broad g< 

provision of these additional goods 
brakes at the rear means an increase 
in weight for the locomotive to haul, 
of 50 tons over and above the tare of 
the train equipped with continuous 
brakes. 

The Indian Railway Conference 
Association has recommended to the 
Government of India that the con 
tin nous brakes shall be brought into 
full operation on all the broad gauge 
railways on the 1st April, 1024, and 
it will be under the conditions that 
will then obtain that the G.I.l*. will 
be able to run goods trains similar 
to that of the photograph. Imporant 
proposals for the introduction of 
mechanical couplers to replace the 
screw couplings now used are receiv- 
ing the attention of the Railway 
Hoard. 

The present deplorable condition of 
# the continuous brake equipment under 
the^goods vehicles of the broad gauge 
railways certainly needs the serious 
and urgent attention of Government ; 
the n flitter was vigorously discussed 
1 dt thfc recent annual meeting of the 
Locomotive and Carriage and Wagon 
Superintendents Committee. The 
suitability of the vacuum system for 


uge tracks. 

operating the brakes of long goods 
trains has frequently been com- 
mented on, and it wodld seem that a 
very critical jreiiod has now been 
reached in India. Apparently the 
Railway Hoard is not altogether 
satisfied that the best arrangement 
has been selected, tor the question of 
the advisability of considering a 
change from " vacuum M to “ air,” 
was put to the Committee mentioned 
above. 

Considering the enonnous outlay 
of capital which has already been 
expended in equipping the bulk of the 
broad gauge stock with vacuum 
apparatus, the experts to whom the 
above question was addressed thought 
it desirable to withhold a reply until 
such time as they have had more 
experience with the vacuum brake 
in regular working. To secure general 
operation on all railways, requires the 
urgent orders of the Railway Hoard, 
and in the interests of economy 
alone that controlling authority should 
immediately insist upon the apparatus 
which has already been fitted to so 
many wagons ol the broad gauge 
being brought into full operation ; 
the piping of an additional 2,000 or 
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Standard 30- ton Wagon* couplad with Mechanical Couplers 


3,000 wagons or so, to secure com- 
munication throughout the trains is 
a small matter when so many are 
already completely equipped. 

There are approximately 0,000 loco- 
motives, 14, (MH) carriages 140,000 
goods wagons, and 3,500 brake vans 
in service on the broad gauge railways. 
For the purpose of this note, the 
locomotives and carriages can be 
omitted from the statement, although 
we can safely assume one half of the 
locomotives have been fitted with 
brake gear to enable them to operate 
the brakes of goods trains. Of the 
wagons, nearly 100.0(H) are equipped 
with complete vacuum brake 
apparatus, and as the equipment of 
each wagon represents something 
like Ificwts. of material, there is 
practically a total of 75, 000 tons of 
brake gear which has been purchased 
at a cost of some Rs. 450,00,000 
being transported about the country 
rendering no useful service whatever. 
In addition to these, there are the 
3,500 weighted brake vans, many of 
which can be relieved of their 
additional dead weight and utilized 
as vans for the transport of mer- 
chandise, if the continuous brakes 
were operated on all trains. A goods 
train similar to that of our photo 
carries approximately 50 tons of 
continuous brake work under the 
vehicles, and if this gear is not being 
operated, must have in addition 
three weighted brake vans at the rear, 
each taring 20 tons. The total 
weight of brake apparatus for the 
train will then be 1 10 Jons, 50 tons 
of which represents the continuous 
brake apparatus under the wagons, 
being hauled about for no useful 
purpose. This is actually what is 
occurring daily on the Indian broad 
gauge railways, owing to the fact 
that all the Administrations will not 
operate the continuous brakes through- 
out the trains. If the continuous 
vacuum broke apparatus is put into 


action, operated from the locomotive, 
then the 3 20-ton brake vans can be 
dispensed with, and a 10-ton van 
substituted to carry the train staff 
as already noted, thus securing a 
saving of 50 tons of dead weight in 
the train. 

Deterioration of Vacuum Brake 
Apparatus 

It has been abundantly proved 
during the past 15 years, the period 
during which the vacuum brake 
apparatus has been in process of 
being fitted, that it deteriorates 
seriously and rapidly when out of 
work, hence the necessity to keep 
the vehicles equipped in regular 
working order, if the apparatus is to 
be maintained at reasonable expense. ‘ 

We estimate from the figures 
published in the Administration Re- 
port of the Indian Railways, t v hat if 
the continuous brakes were brought 
into full ojieration, it would enable 
the dead weight of all goods brake 
vans to be reduced to 10 tons, and 
this would probably result in a 
decrease in the aggregate of 20,000' 
tons of dead weight ; further it would 
free at least 500 vehicles, which 
could be profitably utilized for the 
transport of freight. The present 
arrangement is most unsatisfactory 
and unbusinesslike. Thousands of. 
rupees have been spent on apparatus 
which simply hnng£ under the wagons, 
rusts and becomes useless, whilst 
the actual requirements for th£ con- 
trol of the trains arc being met by 
additional loads of cast iron trans- 
ported all over the country’ at costs 
varying from Rs. 8 to Rs. 10 per 
1,000 miles. 


British Railways Roads 
Bill Withdrawn 

In view of the glowing competition 
of road motor vehicles with the 


railways for selected classes of traffic, 
the North Western and Midland 
Group of Railways in Great Britain, 
recent^ applied to Parliament for 
powers to run road motor services 
on their own account. They already 
have large fleets of motor vehicles 
for collection and delivery purposes, 
but were proposing Jo compete on an 
even basis with the independent 
motor companies who sought to 
capture the highly-rated classes of 
traffic, whicR the railway companies 
can ill allord to lose. 

Tl» application proceeded favour 
ably and eventually came before a 
committee charged with the duty of 
re]>orting to Parliament on the pro- 
posals, but after ten days' hearing 
the Bill was withdrawn after evidence 
had been given by a representative 
of the British Ministry of Transport, 
who objected to the railway com- 
panies charging dissimilar rates on 
traffic carried between any, two 
specific points either by road or 
rail. 

The objection made was on the basis 
that traffic carried by the railway 
companies on the road lessened 
" railway " revenue, and so enhanced 
the possibility of an increase of 
railway rates to enable the com- 
panies to obtain the standard revenue 
to which they are entitled under the 
Railways Act. While the views put 
forth were fallacious in that the 
conveyance by the railway companies 
by road of traffic, which otherwise 
would be transported by inde])efident 
companies would directly benefit 
railway revenue, the railway com- 
panies luul nb alternative but to 
withdraw their Bill. The committee 
.strongly criticise^} th£ action of the 
Ministry of Transport, and announced 
their intention of making a special 
re]>ort to the House of Commons. 
This was, done, and stated, inter alia, 
that the committee considered it 
would be in the public interest to 
allow the fullest possible participa- 
tion by the railway companies in the 
service of road transport. 

While, therefore, for the time being, 
the railway companies ere unable to 
develop road motor services on the 
basis of parliamentary authority, it 
would seem probable that very soon 
powers will be granted . and the 
railway groups «■ of Great Britain, 
which commence to function next 
year, will enter into stVong competition 
with the independent rohd motor 
companies for the traffic abstracted 
from the railways, * estimated on 
reliable authority at 6,000,000 tons 
per year. * 
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Chilean • Railways 

i 

A general description of the Electrification of the first zone 
of the Chilean State Railway has already been given in 
these pages, when it was announced that the contract for this 
work was awarded to Errazuriz^Simfson & Co., a Chilean 
firm, all electrical equipment to be furnished by the 
Westing house Electric International Co. This contract in- 
cluded 39 electric locomotives . .4 description of the two types 
of passenger locomotives is given in the following article. 



T HE six Baldwin -Westing- 
house electric locomotives, 
which are being built for 
express passenger service on 
the Chilean State Railways, 
will be capable of hauling 300 ton 
trains in either direction between 
Valparaiso and Santiago, without the 


sis: 


fi-h 

57 4 " — 


Exprea* Paxsenger Locomotive 


aid of hel}>er engines as is now A 
necessary on the Tabon grade with 
steam operation. An elevation draw- 
ing of this locomotive is shown in 
Fig. *1. The locomotive will weigh 
127 tons, and will have 105 tons on* 
the drivers. It will have a nominal 
rating of 2,250 h.p., cofresfiondihg to a 
speed of 37 miles per l*our at a 
tractive effort ?>f 2.^400 lb. * , 

The wheel arrangement will be 
2-6-0 by 0-6-2, consisting of* two main 
trucks, each of which has three driving 


The trucks will be connected at the 
inner ends by a draw bar held in 
tension by spring buffers. The, 

frames will be cast steel, bar type 
located outside of the wheels, con- 
nected by cast steel burners and 
cross tics, and carried on semi-elliptic 
springs over the journal driving boxes. 

The cab underframe 
will be of rolled steel 
Z? longitudinal members 

co n n e c t e d by cist 
TTjj steel and rolled steel 

■■■--7 — A cross members. 

r dxTffl-r i. M.C.M. couplers will 
used with Conti- 

nental spring buffers. 

0 0 + 60* •5f-+ Although eventually 

J all drawbar equipment 

Fig. i on the Chilean n il- 
ways will be changed 
to M.C.B. standard, the Chilean 

freight cars now use the Continental 
type draw-hooks and for this reason 
the M.C.B. couplers will be provided 
with attachments for chain couplers. 

Tig? automatic air brake equipment 
will betheWcstinghou.se type 14-KE., 
a standard similar to that used on the 
present steam locomotives. With 
this equipment, straight air is available 
for handling the locomotive alone and 
the ■ automatic feature for both 
locomotive and train. 


axles and a two-wheel guiding truck. , 1M . .. 

The cab will be of the single box U* express passenger locomot vis 

type, and the motors will be geared he tt l“»PP ed w,t ‘ » ,x 2™ h f: 

direct to the driving axles The mot< | rs ' P ro \ ,ded w,th ,leld 

general dimensions and weights will c ,?" tr ,° ?" d fff 1 

L- M direct to the axleS by 


be as follows : 
Classification ... 
Length over # buffers 
length over cab 
Total Wheel base 
Rigid wheel base 


2 0 0x0 0 2 
67 ft. 4 in. 
:ih ft. qin. 
48 ft. 4 in. 
\jit. 5 in. 


Diameter of driving 
wheel 

42 in. 

Diameter of guiding 
wheel ... ... 

30 in. 

Weight of complete 
locomotive...* 

253,600 lb. 

Weight of mechanical 
parts 

160,0001b. 

Weight of electrical 
parts 

93,6001b. 

Weight per driving ajle 

35,000 lb. 

Weight pet gAding axle 

21,800 lb. * 


Nuttall flexible spur 
^ears t These motors 
are designed for oper- 
ation two in series on 
3,000 volts, and will 
be grouped in three 
speed combinations, 
all six in series for low 
speeds, three innseries 
with two groups in 
parallel for two-thirds 
speed and three groups 
each with two motors 
in series for full speed. 


There will be six running positions, 
the change from one motor combina- 
tion to another being made by the 
shunting method of transition. 

The control equipment is designed 
for operation of the locomotive from 
cither end, and provision for re- 
generative electric braking Is in- 
cluded. This enables the locomotive 
to return energy to the overhead 
system when descending grades. The 
main motor armatures will be con- 
nected in the same combinations 
when regenerating as when motoring, 
the excitation for the motor fields 
during regeneration being supplied 
by a constant voltage motor-generator 
set. 

There will be two master con- 
trollers, one in each end of the cab, 
and the same controller will be used 
for both motoring and regulating. 
This controller will have four levers, 
with a total of 51 notches available 
in the three combinations. Westing- 
house type HI, F control establishes 
the main circuit connections by the 
use of individual unit switches 
operated by compressed air controlled 
by electro magnetic valves. 

Motor-generator sets will supply 
low voltage current for the control 
equipment, blowers and compressors. 
This is a two-bearing type of machine 
with a common frame for both motor 
and generator. The normal rating 
of the set is 35 kw. at 95 volts, with 
3,000 volts at the motor terminals. 
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The current collectors will be spring 
raised, air lowered and mechanically 
locked in the lowered position and 
controlled throughout by compressed 
air. 

On level tangent track these loco- 
motives will have a running speed 
of 61.5 miles per hour, when hauling 
a 300 ton trailing load. On the 
Tnbon grade which is 2.25 per cent., 
the average running sjxed will be 
33.5 miles ]>er hour. The maximum 
tractive effort based on 25 per cent, 
adhesion will be 52,500 pounds, and 
the maximum speed 02.0 miles per 
hour. The range of speed in re- 
generative braking will be 12$ to 
50 miles per hour 

In general appearance the eleven 
Baldwin Westinghouse electric loco- 
motives for local passenger service 
will be somewhat similar to the 
express passenger locomotives. An 
elevation drawing is shown in big. 2. 


This locomotive will weigh 8(f tons, 
and the wheel arrangement will be 
0 4 0 by 0 4 0 It will lx* capable of 
hauling a trailing load of 350 tons 
from Puerto to Vina del Mar, 200 tons 
from Vina del Mar to Llai Llai, and 
return, and 300 tons from Las Vegas 
to i/os Andes and return. These 
locomotives wilfr have a rating of 
1,500 h.p., corresponding to a tractive 
effort of 15,000 pounds at a speed 
of 31 miles per hour. The maximum 
tractive effort under standing condi- 
tions will be 40,000 pounds, and the 
maximum speed will lx* 50 miles per 
hour. The cab will be of the single 
box type and the motors will be 
geared direct to the axles. I lie 
general dimensions and weights will 
Ik* as follows 

Classification ... ... U 4 0 0 1 0 

Length over buffers ... 40 ft. 91 in. 
Length over cab ... HI 0 » »«■ 

Total wheel base ... ft. Oin. 


Rigid wheel base 9 ft. 0 in. 

Diameter of driving . 

wheel ... ... 42 in - 

Weight of complete 

locomotive 100.000 ID. 

WciglA of mechanical 
pans ... 

W ;S ° f T . 64,000 tb. 

Weight per driving axle 40,000 ll>. 

The two trucks, Aich having two 
driving axles, will be connected at the 
inner ends by an articulated coupling 
in the form of a Mallet binge. The 
frame and cab construction, the 
couplers and the brake equipment will 
be similar to the express passenger 
locomotives. 

The local passenger locomotives 
will be equipped with four 275 h.p. 
driving motors, provided with field 
control and geared direct to the axle, 
witli Nut tall flexible spur gears. 
There will be two combinations by 
connecting the motors in series and 



Genei*) View of Electric Locomotive 
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in parillel, and additional speed 
variations will be obtained by vary- 
ing the fields of the motors. 

The control equipment is designed 
for operation of the locomotive from 
either end, but the grade conditions 
on the section of line on which these 
locomotives will operate does not 
justify the use of the regenerative 
braking feature.. There will be two 
master controllers, one in each end 
of the cab, each controller having 
two levers, namely, speed and reverse, 


\ 

with \ total of 23 notches available 
in Mie two combinations. The 
switclung equipment duplicates that 
on the express locomotives. 

The motor generator set will be a 
double armature machine, each arma- 
ture consisting of a motor and a 
generator. The normal rating of the 
set will be 22.5 kw. at 95 volts, with 
3,000 volts at the motor terminals. 
The current collectors will be the 
same as on the express passenger 
locomotives. 


On level tangent track these loco* 
motives will have a speed of 56 miles 
per hour, when hauling a 220 ton 
trailing load. The maximum tractive 
effort based on 25 per cent, adhesiou 
will be 40,000 pounds. 

A great many of the electrical and 
mechanical parts are interchangeable 
between the express and local 
passenger locomotives ; and this will 
both facilitate the maintenance of 
locomotives and reduce the main- 
tenance cost. 


Alcohol as a Motor Fuel 


Fro>^ time to time we have com- 
mented in these columns on the 
investigations proceeding in various 
places as to the possibilities of using 
alcohol as a fuel for internal combus- 
tion engines. It will, therefore, be 
interesting to record that the 
Engineering Sub-Committee of the 
Empire Fuels Committee of the 
Imperial Motor Transport Council 
has recently submitted a most valuable 
report on this important subject. 
The report, which is of a highly * 
practical character, describes a range 
of experiments, four series being 
carried out with 95 volumes per cent, 
alcohol, which is the strongest alcohol 
produced in commerce by the patent 
still. The tests inctiulgd tests for 
power output and consumption, of 
power and efficiency, etc., and the f 
result was to show that at all speeds, 
with both high and low compression, 
the thermal 'efficiency obtained with 
alcohol was higher than that obtain- 
able with petrol or benzol at any 
compression which could be employed 
with them. Throttle tests indicated # 
that the behaviour of alcohol and 
petrol under variations of throttle 
conditions is identical. It was proved , 
moreover, that undo all conditions of f 
compression, speed, or throttle, 
alcohol-driven engines # run more 
sweetly and more smoothly than 
engines running on petrol. Detona- 
tion never occurred under any com- 
pression employed, but at 7 : 1 
compression, corresponding to a pres- 
sure of 185 lb. per sq. in., there was a 
tendency towards pre-ignition ; 6| to 
1 is probabfy the maximum com- 
eprssion to % be t aimed for. The 


conclusions in the report are as 
follows : 

(1) Alcohol can In* employed from the 

low compression employed on 
paraffin engines up to a far higher 
compression than i m Ik* used on 
anv petrol. 

(2) The thermal efficiency obtainable 

with alcohol is higher than with 
petrol or benzol. 

(3) ruder all conditions of throttle or 

mixture alcohol requires the spark 
more advanced than with petrol 
or benzol, and much more ad- 
vanced with the weak mixtures. 
f (1) There was no evidence at any piston 
speed attained in the engine that 
the rate of combustion of alcohol 

# under the conditions obtaining 
was too slow to obtain the 

. maximum effect. 

(f>) detonation does not occur at com 
pressions up to 8 : 1, and pie 

ignition does not occur at (5 : I, 
even when running for long 
periods at the highest possible 
| >ower output of the engine. 

(♦>) There were no evidences whatever 
of corrosion in the engine. 

(T) The power output and efficiency are 
increased by low temperature of 
the circulating water. 

(8) Supplying heat to the carburettor 

reduces the power output, but 
slightly increases the thermal 
efficiency. 

(9) Increase in the water contents up to 

10 volumes per cent, is an ad van- 

# tage, particularly in very high 
compression engines. 

* It is stated that a further series of 
tests is now in hand to investigate the 
influence of ether on alcohol, and of 
alcohol on petrol, benzol, paraffin 
and the like. As the first introduction 
of alcohol on any large scale as a 
motor fuel will probably be in the 
form of an admixture with other 
ingredients, it is believed that the 
new investigations will prove of 


considerable value to the motor 
industry. 


Should Railways be State 
Owned ? 

In view of the jx*icmiinl agitation 
in India, for the taking over of the 
railways by the Government, which 
would then exploit them on their own 
behalf, it is instructive to note an 
increasing tendency in other countries 
for the advantages of State ownership 
and operation to be challenged. There 
can be little doubt that, in certain 
places, public opinion inclines to 
favour the development of railways 
under private enterprise, aud both in 
Swi/.tcrland and Germany, as well as 
other Continental countries, the 
question has become a very live one. 
The result of State operation of 
railways in Britain and America 
during the war was not so favourable 
as to incline the average native of 
those countries to view Government 
ownership with favour, and it has 
well been said that the dissatisfaction 
with the war-time arrangements has 
put back State ownership for at 
least a generation. The relative 
position has well been expressed by 
Mr. Hoover, the Secretary of Com- 
merce in the United States, who 
stated that " no one who had observed 
the effect of Government management 
abroad, or at home, could contend 
that Government management could 
ever bri as intelligent and efficient as 
private enterprise.” 
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Small Talk on Railways (iv) 


S OMKTJIING might Ik* said 
here with regard to the 
manner of forcing water in 
the boiler, when steam is up. 
This is done by generally 
two methods, either a more or less 
oidinary pump, or an injector. The 
principle of an injector is to utilize 
the steam in the boiler, by putting it 
through small cones, thus creating a 
suction action on the outside of the 
cones, and so drawing the water with 
it, finally delivering the water into 
the boiler. The excess of pressure 
necessary to do this, is caused by the 
high velocity of the steam as it passes 
through the small holes in the cones 
(sketch No. 25). 

Perhaj* some people have noticed 
when standing on a station platform, 
that the first two or three yards, 
after a locomotive first begins to 
draw a train out, there is steam 
apparently coming out from the lower 
side of the cylinder. This is caused 
by the driver allowing the cylinder 
cocks to remain open, one of these 
cocks is placed at each end of the 
cylinders, with the idea that should 
water accumulate in the cylinders', 
due to condensation, etc., then it 
can be got rid of by opening same. 
Should the cylinders not be fitted 
with such cocks, then the only thing 
that could happen, would be that 
when water did accumulate in them, 
the cylinder covers would probably 
be blown olT, due to the fact that 
water cannot be compressed. Another 
interesting point that might be 
mentioned here, is the question of 
applying sand to the rflils, in the 
cuse of starting, when the rails are 
slippery. This is generally done by 
the use of sand boxes placed some** 
where on the platform, a pipe then 
runs from the box to a point in the 
front, where the wheel touches the 
rail.V The old type of locomotives 
generally let gravity do its work, the 


driver in the cab ojkiis the valve 
which controls this supply, and thus 
the sand runs down to the rail, but 
in the newer type, steam is utilized as 
well as gravity, in making the sand 
go on to the right place ; the idea is 
more or less of an ejector type of 
simple principle (see Sketch No. 2(1), 
but the great trouble with this latter 
tyjx*, is due to the fact that they 
often get clogged up, owing to the 
steam condensing, and thus damping 
the sand. The lubrication of a 
locomotive is another most important 
point. Generally in all parts of an 
older type of locomotive which have 
to be lubricated, this is done by the 
aid of capillary attraction, but the 
newer method is to use forced lubrica- 
tion on generally most of the points 
where required, the other |>oiiits i»re 
lubricated as stated above. Force 
lubrication is merely a small pymp, 
driven off one of the driving wheels, 
and from this pump are lead nupitfrous 
small pi]KS away to the axle boxes, 
etc. There is no doubt that forced 
lubrication is a most effective system, 
and when once the locomotive stops 
revolving, then the lubrication stops. 
In the case of the capillary attraction 
lubrication, as on the older tyjfc of 
locomotive, the lubrication is either 
started or stopped by the driver 
when he leaves or returns to the shed. 
To do this he withdraws from all the 
oil cups the cotton wad (see sketch 
No. 27) , and puts it down in amongst 
the oil, thus stopping any oil Jrom 
running down on to the places where 
required. This capillary attraction 
is caused by the oil being sucked up 
‘by the loose ends on this cotton wad. 
and so running down the hole in 
which the cotton wacrts pushed when 
about to commence the motion on 
the locomotive. A few words might 
be said here about the various types 
of cylinders which can be applied to 
locomotives, 


1st. Simple type (sketch No. 28). 

2nd. Compound type (sketch No. 

2 »>; 

3rd. 3 Cylinder Compound type 
(sketch No. 30). 

4th. 4 Cylinder Conq>ound type 
(sketch No. 31). 

All of the above types generally, 
drive on to the one axle, the cranks 
are so arranged, except in the case 
of Type No. 1 and 2, that the turning 
movement caused by the steam is 
balanced. In the case of Tyq>c Nos. 1 
and 2, the cranks of this locomotive 
arc right angles to one another. 
Compound cylinders mean that into 
one cylinder of small diameter enters 
the high pressure steam, it then 
exhausts into the other cylinder of 
•larger diameter, the ratio of the 
two diameters being in reverse 
ratio of the liigh pressure to the 
low pressure. With regard to' the 
yalves of a locomotive, which control 
the steam going into the cylinders, 
there are gyieftilly three types, the 
first and ^iost simple is that of a D 
section, made in broifte, the great 
‘drawback to this* tyj>c is the fact 
that the p^ssure of steam acts on the 
whole surface of its back, and there- 
fore great wear on the sliding surface 
takes place. Another similar type 
Is that of the same section, but on the 
, back arc fitted four strips of cast 
iron, which are pushed up against 
the cover of the steam chest by the 
use of springs. These strips therefore, 
cut off a large 4>ortion gf the back 
area ef the valve from the pressure 
of steam (sketch No. 32), other valves, 
in place of these strips, have an 
annular ring, which is also pushed up 
against the cover i« a similar manner. 
The type which is now largely used 
is the piston valve, bf this method, 
all the back pressure is done away 
with. The valves in order to make 
them steam tight, have fitted to tjienv 
circular rings, also pushed outwards 
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by the use of springs. Generally 
this valve is made up of cast iron 
(sketch No. 33). 

Referring to motion, generally 
speaking there are three types run- 
ning today : " Joygear,” (sketch No. 
114) , which is practically being elimina- 
ted wherever possible, “ Stevenson” 
‘gear (sketch No. 35), and the last 
" Walschaert " (sketch No. Il«). The 
latter gear more of the Indian loco- 
motives have fitted to them. ( >ne of 
the beauties about this last gear, is 
that it is on the outside of the loco- 
motive, and can therefore be easily 
got at. Regarding ” Joygear,” one 


of the defects of this is, that t^e parts 
are so heavy, that it wears itself out 
very quickly. Should one be standing 
on the side of a railway and listen to 
the exhaust of a locomotive, which is 
running under a fair load, you can 
always tell whether the valves of this 
engine have been correctly set ; take 
the case of a simple cylinder engine, 
then what one hears should be 
practically a regular beat, four to 
one revolution of the wheels. In 
the case of a compound locomotive, 
the beat is two instead of four, in 
the same period of time. 

Before leaving the various types 


of engines, a few words might be said 
again about the wheels. A Bogie is 
merely a frame work built up, has two 
axles (see sketch No. 37), therefore 
four wheels, and in most types of a 
locomofive this bogie is placed in 
front of the engine. vSingle wheels 
are gencrall/ called pony trucks 
(see sketch No. 38) , or in some cases 
Bisscl trucks. In this latter type the 
Bisscl truck is merely a framework 
carrying the axle, this framework is 
connected by forged steel arms, to 
a pin, which is in tfie centre of the 
locomotive, and this can swing aoout 
to sflit the type of road which the 
engine has to go over. 


Reviews 


" Kkskakvii in Industry.” 

" Research in Industry ” is the 
title of a recent publication which 
makes a very opportune appearance, 
this is by A. P. M. Fleming, 

M.Sc., M.I.K.Iv, and J. G. Pearce, 
fl.Sc. (ling.), A.M.I.K.K., and is 
published by Sir Isaac Pitman N 
Sons, Ltd., London, price IBs. fid. 
net. 

This little hook covers the subject 
in a very comprehensive and obviously 
authoritative manner. Commencing 
with the basis of social progress ; it 
deals with the Influence of Industrial 
Progress on Social Developments, the 
Application of Science to Industry, 
and the Fruits of Research. It then 
goes on to deal with the character of 
Research, both Academic and Applied, 
and their relationship to Industry. 
The next chapter deals with the 
Agencies for Research, such as 
National and Privately Endowed In- 
stitution, University Laboratories, 
etc. Chapter four deals with the 
Influence of Character and Conditions 
of Industry upon Research, dealing 
with the Factors Influencing Research 
in Industry, the Nature f of Industry, 
etc. The following chapters are 
taken up with organisations for opera t-** 
ing Industrial Research, such as 
design and equipment of Research 
Buildings ; Co-ordination of Research, 
the Organisation of Intelligence, the 
Research worker, and finally the 
Nationalisation of Research . ' 

It wjU be seen from the above 


headings that the authors have 
brought together inside of one cover 
the results of a great amount of 
labour iti collecting such a wide 
range of facts on this important 
Industrial subject. It is probably 
generally recognised to-day that the 
common standard of living and labour 
is virtually dependent upon the 
efliciency of productive Industrial 
Processes, and such efliciency fan 
only he maintained, and improved by 
scientific methods, as the authors 
state in an owning paragraph : 

" Industry is in its simplest Concep- 
tion, merely the transforming pro- 
cesses, whereby natural resources 


what scientific progress really means. 

Tine Petroleum Year Hook 11)22, 
edited by Sydney H. North, Associa- 
tion Institute P.T. London, “ The 
Saint James’s Press Co. Ltd.”, 15 
Henrietta Street, W.C.2. This new 
issue of the Petroleum Year Book, 
should be in the hands of every 
company and individual engaged, or 
interested in Petreloum. The facts 
and data given are helpful and en- 
lightening, and admirable jtropa- 
•ganda for extending knowledge on 
this increasingly important subject. 
The producer the user, and the 
investor wire all catered for, and 


modified, through a series of •should gain froiy a f perusal of its 


are 

operations, often extending over a 
period of years, into commodities 
required to satisfy the needs qf the 
community.” If, however, this pro- 
cess is to continue to provide for the 
ever increasing population of civilised 
countries, it is a matter of urgency* 
that the methods by which Industrial 
Research is developed and brought 
down to a scientific basis, should 
receive the serious attention t)f alk 
Industrialists. 

The authors give some very id- 
interesting accounts of existing 
Research Laboratories, and methods 
already in existence ,*find give some 
very striking examples of what Re- 
search Work has done for the com- 
munity. Quite apart from the 
practical usefulness of this publication, 
the reading of its pages is a fascination 
in itself, and shows in a dear manner 


contents. The Year Book, the only 
one of its^diul, is not only a valuable 
work of reference, but may be 
studied J)y those only slightly 
acquainted with the various aspects 
of Petroleum, with considerable 
benefit. The contributors to its 
pages include such well known 
authorities as K. H. Cunningham- 
Craig, B.A., F.G.S., George Howell, 
F.G.S., J. Artbifr GreenefM.Inst.P.T., 
J. E. Hackford, B.Sc., A.I.C., 
Harold >loorc, M.Sc.Tech., F.C.S., 
Lieut. -Commander F. T. Addyman 
and A. H. Sproule, B.Sc. A new 
section appears fh this issue giving 
financial and other # particulars of 
British and European Oil Companies. 
The Year Book now runs to 400 pages 
compared with 250 t of the 1921 
edition, but the price of 10/6 and 
11/3 post free remains tjie same. 
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Conducted by A. H.*HAVER, M.I.N.A. & K. S. DICKINSON, F.C.S. 


THIS SECTION DEALS ,*TTH THE APPLICATION OF SCIENCE TO INDUSTRY AND PARTICULARLY 
:: :: :: DEALS WITH APPLIED CHEMISTRY :: !! !l 


. Fallacies of the Cheese-Scoop 


O UR forefathers had an 
implement which, about the 
years of grace Ad). 1750, 
and onwards was in great 
• request. In appearance it 
was not unlike a small silver shovel, 
with the business end curved to about 
a third of a circle in its longitudinal 
axis. It was, and is, for the matter 
of that, known as a “ Cheese-scoop,” 
and its purpose in life was to be 
introduced into the central regions 
of a whole cheese, and in the with- 
drawal to extract a sample for 
testing by the prospective purchaser 
of the comestible. 

The idea was excellent By this 
means, no farmer, be he never so 
unscrupulous, could patch up a poor 
cheese with a top layer of good stuff, 
and hope tint the buyer woul^ 
not discover his me cake until the 
rectification of it was impossible. 
The ehee*e-mak ?r could not possibly 
divine where the c aeese-tester wa$ 
going to insert his scoop, and tilts 
fact most probably was a very potent 
factor for good in The# life Af more 
than one dairyman wtoose deeds 
might otherwise 'have been evil. And 
so far as the testing of cheese goes, 
for aught that we kuo\^, the same 
method is in vogue to-day. there 
seems no reason why it# should be 
discarded, nor does there appear to 
be any means whereby the crafty one 
may circumvent the cautious buyer.* 
Therefore, in that case, there seems 
no necessity to devise a better way 

for that particular article of 

commerce.* But thdte are many other 
articles of commerce besides •cheese. 
And there are many other methods 
of adulteration and sophistication 
beside the overlaying of a good aiticle 
upon a greater Quantity of an in- 
different or fjankly bad one. And 
whilst, for a homogeneous and solid 
article like cheese, such a method of 
testing may .serve perfectly well, yet 
it is entirely fallacious when applied 
as a test So tlie» thousand apd 


other articles which cuter into the 
world’s markets to-day. 

A fair sample 

But what we may describe as 
“ Cheese-scoop ” methods are still 
far too prevalent in the taking of 
samples from a bulk delivery, in order 
to have examinations or tests made. 
Too often by far. the taking of 
samples for the expert or the amdvst 
is deputed to a junior of little or no 
experience, and the resultant informa- 
tion loses much or. occasion, 
all of its value because the 
sample supplied docs not conform 
with the average of the whole delivery. 

In modern commerce, sampling is an 
ever increasing factor. Its rise and 
importance is pu'd a ^u'd with the 
growth of sophistication in articles 
(*f commerce. As long as it is possible 
to admix spent cloves with fresh 
ones ; dried tea leaves from the cafe 
wit ft new ones from the plantation ; 
exhausted strophanti ms w ith potent 
seeds ; shale with coal ; and so on 
i ul name tan ; so long will it be 
imperative that the best methods of 
analysis be known and regularly 
carried out. And as the first step m 
an accurate analysis, it ought to be 
thdtoughlv understood by the in- 
dividual deputed to gather the sample, 
that he determines the whole value 
of the future report by his care or 
otherwise in gathering a sample that 
shall fairly represent the whole bulk 
of the material under discussion. 

f The usual method 

# But what actually happens ? Only 
too often, a box (of what is devoutly, 
hoped to-be ample proportions) is 
filled from the first sackful that is 
reached, if the stuff is delivered in 
sacks, and sent off, as collected, to 
the trustful analyst. The sample is 
extracted, assayed, and the report 
sent in. Some weeks later, the poor 
pian receives a protest that the bulk 


has not reached anything like the 
percentage yield that his report 
promised, and he is asked in effect 
“ wlmt about it.” U‘t us quote a 
fairh recent case. A consignment of 
Cloves, weighing something like five 
tons, was purchased for distillation 
by a firm having a considerable 
business in flavouring oils. Before 
Settling the deal, they sent a repre- 
sentative along to take a sample of the 
tlowers for examination and analysis. 

He knew full well the purpose for 
which he was obtaining the sample, 
and returned with a cigar-box full 
perhaps about a pound or so ill 
weight. The sample appeared to be 
in order, and after inspection by the 
heads of the firm, and superficial 
criticism, was sent along for an assay 
to be made of the oil content. This 
by means of chloroform in a Soxhlct s 
extractor was determined to be 22. fi 
per cent, not at all a bad sample. 
Acting upon the information, and 
calculating that in this case the 
cloves would give a yield of some- 
thing like 50<4 lbs. of oil per ton of 
flowers, the deal was concluded at a 
fair price. A month later, the 
analyst in the case received a letter 
wherein his figures were subjected 
to very severe criticism, and lie was 
informed that the actual yield per 
t«n of these doves had been, not 
50ft 1 lbs., but somewhere in the 
region of -180 tbs. Naturally, the 
technical gentleman was not content 
to leave the matter in that very 
unsatisfactory state, and he instituted 
a very vigorous enquiry as to tile 
credentials of the sample with which 
lie was provided. The result will 
alreadv have been guessed by the 
reader ; the person who collected the 
original sample was a junior member 
4 of the firm, who had never received 
any prior instructions as to the 
taking of samples, or the proper 
bulking of them before collection, 
lie had simply opened several gacks, 
and taken a handful or two f/om each* 
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finally mixing the lot in his box by 
means of his fingers. No wonder the 
sample figured well, and we might 
add, no wonder the pm chasers had 
their fingers burnt, for they deserved 
it, for their unbusinesslike methods. 
We repeat, that it cannot be too 
strictly instilled into the rising 
generation that the world is, most 
ur.fortunately, not yet jx-opled with 
an honest and an upright race (though 
we would be the first to pay tribute 
to more than one straight -dealing and 
honourable company and firm), and 
it behoves every commercial man in 
the present day to take the greatest 
care to see that when he takes a 
sample for analysis, he gets a sample 
that really does represent the general 
bulk of what he is offered. 

The correct method 

How is this consummation to be 
achieved ? Well, it all depends upon 
what the goods consist of. If it be 
cheese, possibly the cheese scoop that 
formed the text for this paper would 
be as searching a test as any that 
cquld he devised. We do not know, 
for the analysis of cheese, except via 
the fifth and ninth nerves, at the 
festive board, has not been within 
our scheme of things. Two or three 
prods, in different directions, should 
surely give a fair sample of the whole 
mass. Jivit if the goods be, say, coal ? 
Here we have a somewhat awkward, 
bulky material. Probably there is no 
commodity under the sun that stands 
more in need of accurate teaching as 
to how sampling and bulking ought 
to be carried out. When one con- 
siders that there exists, in almost 
every grade of coal, a certain amount 
of unburnable material, slag, shale, 


f 

stone, and jvhat not, it mift be 
obvious to all that very carfful 
selection of the riglit # proportion of 
coal to waste must be made, if an 
analysis is to be worth even the 
pa|>er upon which it is written. Let 
us, then, outline fully how a correct 
bulking of a sample of coal should be 
carried out for the analyst. It must 
be borne in mind that he requires a 
reasonable quantity, if his results are 
to be reasonable accurate. A sample 
of coal weighing from ten to sixteen 
]M)Unds is not at all tern much, yet 
not uncommonly one receives sj>eci- 
mens weighing not more than five 
to seven or eight pounds a woe- 
fully short commons for accurate 
work. 

Sampling Coal 

How, then, is the dozen pounds 
or so to be selected ? l'irst, with 
a shovel, some of each sort of 
coal, lump, rubble, and small, should 
lx- collected in approximately the 
same proportions as it appears to be 
present in the total delivery. A 
total of a hundred-weight or more is 
not too large at this stage. Next, 
this sample should be broken quite 
fine with a hammer . . say into 
pieces sufficiently small to pass a 
one-inch sieve, or at any rate, not 
larger than a two-inch one. Then 
the whole should be intimately mixed 
with the shovel, on an iron plate, 
until there can be no doubt as to the 
evenness of the distribution of each 
sort of original coal throughout the 
mass. Then the whole should be 
squared into an even topped ijlab, 
and quartered, by measurement The 
two opposite quarters should then be 
taken, and again mixed and quartered 
in the same way. This is repeated a 
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third time, and if the size of the 
lumps is still sufficiently small to 
permit of the process being safe, a 
fourth time. The lumps are now 
further broken down, and the granular 
powder resulting is treated as before, 
until a sample of the requisite weight 
results. Thus, # and thus only, are 
human errors eliminated to a large 
extent, and the sample so taken may 
with a very great expectation of 
success, be relied upon to give figures 
that will be realised when the bulk is 
employed in ttie time fo come. 

Except that there is usually no 
need to break up the sample, the 
same mixing and quartering process 
exactly should be employed in taking 
samples of most of the goods that are 
required to be submitted to analysis. 
The oil-bearing seeds and fruifi* ; the 
resin-containing substances, such as 
Indian Hemp, Myrrh, Copal, and the 
like ; the Alkaloid and so-called 
" Active Principle ’* containing plants 
and beasts ; and all the host of 
substances which employ our time, 
energy, ships, and money, counting- 
houses in their commerce and dis- 
tribution. Where the lumps are 
large, then the sample should be 
broken as a routine measure, where 
the masses are big, then they should 
be reduced in bulk before the mixing 
and dividing processes are carried out; 
and, last possibly, but by no manner 
^>f means least, where an inexperienced 
person is deputed to collect the 
sample, lie should be carefully in- 
structed in his duties, together jvith 
the why and wherefore of them, before 
He leaves the office. Better still, he 
should accompany a skilled person 
several* time#, before being entrusted 
along with this mojjjt important 
•Mission. 


Scientific 


Instruments in 


• | 

Gre’at Britain 


There was recently formed in 
Great Britain the Institute ofc 
Physics, which gathers .together all 
the leading men and associations 
engaged in the study of the con- 
stitution and properties of ‘matter. 
One of the enterprises of this 


Institution is the founding of a 
journal to describe methods of 
measurement, and the construction 
and use of instruments to carry out 
these methods. This new journal 
will be of great value to research 
workers and manufacturers, and will 


also act as an ^incentive to the 
further development of scientific 
instruments — a field which has been 
cultivated already with much suc- 
cess by several British firms, whose 
names are known £tU oyer *the 
world, 
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An Interesting Shipment for .French Railroad Electrification 


W ITHIN a few ‘weeks of 
the departure of the 
record-breaking ship- 
ment of apparatus for 
th£ Chilean Railroad 
electrification, another enormous 
train-load of electric railroad appara- 
tus left the Iv^st Pittsburgh plant of 
the Westinghouse Electric and Manu- 
facturing Company this month, for 
France. # 

The shipment, consisting of trans- 
formers and lightning art esters, was 
part of an order from the French Midi 
Railways which totalled well over a 
million dollars. The amount of the 
apparatus in the shipment, which 
weighed approximately eight hundred 
tons, can be estimated by the fact that 
thirty-two railroad cars were required 
to transport it. The material went 
by the Pennsylvania Railroad to New 
York, and shipped from there to 
Bordeaux. 

r‘ The order was of more than ordinary 
interest, because it covered material 
for the first system outside of the 
United States to adopt 150,000 volts 
for its main transmission. 


The lines of the Midi Railways are 
mostly located in the South of France, 
north of the Pyrenees. As far back * 
as 1900 the management of the rail- 
ways commenced an exhaustive study 
of the electrification of this part of 
their system, having in mind tli^* 
utilisation of the water power avail- 
able on the northerif snipes of the 
Pyrenees. By 1914 four stations had 
been electrified with single phase cur- 
rent at 12,000 volts and 10.07 cycles*, 
but all work was stopped at the 
.outbreak of the war. 

* The French, early in th<^ war, lost 
practically all their coal-fields to the 
Germans. This, more than anything, 
emphasised the necessity of develop- , 
ing the water power resources of the 
country and electrifying the railroads 
wherever it could be economically 
done. Thu£, on the cassation of 
hostilities, one of the first acts af the 
Government was to send a technical 
commission abroad to stuay existing 
railway systems. 

The comniissioif, after visiting 
Switzerland, Italy, and America, 
recommended that 1,500 volts, direct 
current, be adopted as the standard 
for the electrification of all French 
railroads, ana the Midi Railways 
Company, in conformity with thijj 


decision, immediately resumed the 
work interrupted by the war on this 
new basis. The sections already 
electrified at 12,000 volts will be 
changed to 1,500 volts direct current, 
so as to have a uniform system 
throughout. 

The power will be generated in six 
stations or groups of stations capable 
of developing a total of 302,000 h.p., 
the stations being put up progressively 
as the different sections are electrified. 
The head of water varies from 350 
feet in the station with the lowest, 
head to a maximum of 2,500 feet. 


Power is generated at 8,000 volts and 
50 cycles, and is distributed to the 
railway sub-stations over a 00,000 
volt three-phase distribution system, 
distant points of the distribution 
system being connected by 150,000 
volt transmission lines. 

The railway sub stations, which are 
located along the l ail road at intervals 
of 12 to IS miles, are connected 
directly to the 00,000 volt distribution 
system. They all contain rotary con- 
verters, with the exception of a few 
in which mercury arc rectifiers will l>e 
used. 



A Tote-fert from tfef Work* 
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The equipment for the generator 
stations, the distribution system, the 
railway sub-stations, and the loco- 
motives, will lx.‘ built in France. The 
work entrusted to the Westinghouse 
Company comprises a large part of the 
150,000 volt transmission system, in- 
cluding the transformers, synchronous 
phase- modifiers for the voltage con- 
trol, and the relay protective gear. 

For the initial development three 
generating stations will be utilised. 
The 150,000 volt, lines will connect 
these with the distant cities of Pan, 
Dax and Bordeaux to the West, and 
Toulouse to the Kast. At the gener- 
ating stations *20,000 kv-a. banks 
made up of Westinghouse single phase 
two-winding transformers will raise 
the voltage from 00,000 to 150,000 
volts. At the sub-stations near these 
cities the transmission system con- 
nects again with the distribution 
system through step-down transformer 
banks of 20,000 kv-a. made up of 
Westinghousc single phase three- 
winding transformers, lowering the 
voltage from 150,000 to 00,000 v<»lts. 
These transformers have a third wind- 
ing of 0,000 volts for feeding Westing- 
house synchronous phase modiliers. 

These machines are intended to 
automatically keep constant the volt- 
age at the sub-station irrespective of 
the load. Owing to the length of the 
lines and the high voltage of the 
transmission, they are designed to 
cover a wide range of reactive kv-a. 
At Bordeaux, there will bo two phase 
modifiers each of 15,000 kv-a. capacity 
and 7,500 kv-a. lagging capacity. At 
Dux and Toulouse there will be in each 
two machines of 8,000 kv-a. leading 
and 4,000 kv-a. lagging capacity. All 
these phase-modifiers are equipped 
with the Westinghouse patent auto- 
matic voltage regulator designed to 
cause the machine to give the right 
amount of reactive kv-a. leading or 
lagging required to keep the line 
voltage constant. 

The Westinghouse Company, in 
conjunction with the engineers of the 
Midi Railways, worked out a com- 
plete scheme of relay protection em- 
bracing the generator, distribution 
and transmission. The generators 
and transformers arc individually pro- 
tected differentially, that is, they are 
automatically taken off the line in < 
case of internal trouble. 

The transmission and distribution 
are so laid out that the supply to the 
railway sub-station is assured. The 
lines are therefore for the most part 
in duplicate, except where ^sections 
are fed from bdth sides. Where the 
transmission lines are in duplicate, 


f 

they are equipped with balanc$d # line 
protection by means of the recently 
develop'd Westinghouse directional 
relay, which does not require potential 
transformers. The whole relay scheme 
is so laid out that in case of trouble in 
any section of line or piece of appara- 
tus the part in trouble is isolated 
without interrupting the supply to 
the rest of the system. 

The whole order, of which this 
shipment forms a part, covered 
twenty-live single-phase transformers 
of (1,(107 kv-a., two synchronous phase- 
modifiers of 15,000 kv-a., four of 8, (MM) 
kv-a., thirteen 150, 000 volt lightning 
arresters, and a large number of relays 
and current transformers. 


High Operating Costs 
on the G.I.P. 

In the June issue of Industrial 
India, we briefly referred to the 
results of tlie working of the Great 
Indian lVninsula Railway, during the 
half-year ending September 30th, 
1021. The financial position was then 
not at all satisfactory, and little 
improvement has been effected during 
the ensuing half-year. At the 1 45th 
half-yearly general meeting held in 
London last June, Sir Charles IT. 
Armstrong, the Chairman, stated that 
the percentage of working expenses 
to gross receipts for the year ending 
March 31st, 1022 was 01.40, 14 a v^y 
excessive figure, which must and will 
be reduced in the current year." 

This high operating ratio has-been 
accounted for, to some extent# by 
heavy charges for maintenance of 
way, bridges, etc., and for wagon 
repairs, while there has also been a 
greatly increased expenditure on coal. 
In short, the expenditure for the year 
was 12.57 erores, against 10.04 crores 
during the previous year, an incten.se 
of 102 J lacs, or 18.08 per cent. Gross 
earnings on the amalgamated system 
were 13.74 crores, or a decrease of 
91 lacs on the previous year. The ' 
net earnings were, therefore, 101 lacs, 
or 7.04 per cent, of the gross receipts, 
but with certain essential adjustments 
this credit item was turned iflto a* 
deficit of 240 lacs, which is the result 
of the year’s working. 

Small wonder that the Chairman, 
after analysing the position, stated 
very definitely that economics under 
all heads were imperatively necessary, 
and all capital and renewal expendi- 
ture which could be avoided must be 
avoided until equilibrium was reached. 

A Commission of Inquiry has been 
closely investigating the methods of 
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working in India, in order to ensure 
the utmost economy, and it is hoped 
as a result of their endeavours 
materially to reduce the permanent 
expenses. 

The 1 tarsi - Nagpur connection, 
which has been under construc- 
tion for nuufy years, is rapidly 
approaching completion, and it is 
hoped to rx‘ able fr> open the line 
for through traffic early next year. 
Another important improvement upon 
which construction is proceeding is 
the doubling ot the* line between 
Sbcgaon and Nagpur, the completion 
of wlfich will enable the company to 
handle with facility the large traffic 
in these areas. The Harbour Branch 
extension, which is of the utmost 
importance in connection with the 
new Bombay trade depot at Sewri, 
and to the suburban traffic generally 
is also being pushed ahead, and will 
eventually prove of great advantage. 


Water Terminal 
Equipment 

In past issues of “ Industrial 
India," we have dealt at some 
length with the problems involved f 
in effective and economical port' 
working, and in subsequent issues 
hope to go further into this im- 
portant, question. That it is of the 
• utmost importance will be recognised 
by all who reflect upon the tremendous 
delays -and consequent expenditure 
- involved by inadequate facilities 
at " water terminals -to use an 
•expressive Americanism. A point of 
interest to wl^ch our attention has 
been drawn Is the tendency nowadays 
to abandrift the use of V>ng quays and 
# ft> substitute therefor moderately long 
jetties, which have the twofold ad- 
vantage of affording easy access for 
ships, and of enabling railway com-i 
municatioti more easily to be given. 
The new Albert Dock extension at the 
Port of lyondon, is one instance where 
1 the jetty system has been adopted, 
while oblique jetties have been built at 
Duukirk, where the length, 1,970 ft., 
is almost ideal fpr the rapid handling 
of traffic. In this connection , mention 
' may be made of the fact that there is 
an undesirable tendency in certain 
localities to make the jetties longer 
than is economically useful. This 
should be guarded against, as the 
maximum efficiency can usually be 
gained from jetties of adequate length, 
yet sufficiently short to enable free 
and rapid access to all quays by means 
of simultaneous and almost con- 
tinuous shunting o'peratitns. 
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BETWEEN OURSELVES 


Textile Developments in India 

T HAT the Textile Industry in 
India is rapidly developing, 

• is admitted on all hand:'. 
In fact, so much is this so 
that more than one great 
corporation has carefully considered 
the desirability of transferring to, or, 
at least, of establishing plant in India. 
On this point, it is, therefore, worthy 
of notice that the British Calico 
Printers' Association, after receipt of 
a report from a special investigator 
who has visited India, and studied 
conditions on the spot, has definitely 
decided that any expansion of the 
C.P.A. activities shall take place in 
Lancashire. There were many good 
reasons to urge in favour of develop- 
ment in India the saving of transport 
costs, which form an appreciable 
percentage of working costs, the 
attitude of India towards imported 
cotton goods and others, but despite 
these advantages the special com-* 
missioner who carried out an in- 
tensive investigation of the problem 
reported that the balance #f advan- 
tage lay in favour of developments 
along established lines. The un- 
developed state of India it# a manu- 
facturing sense, the difficulty of 
obtaining a supply of reasonable 
coal within a convenient distance, 
the question of an adequate supply of 
running water, and the absence of 
trained personnel were factors taken 
into full consideration. There are 
other reasons as well, but these are 
so obvious at to need*no elaboration. 

AAA 

Burma Oil 

At the twentieth annual general 
meeting of the Burma Oil Company 
Limited, Sir John Cargill, the Chair- 
man, was able to give the share- 
holders a very reassuring address on 
the year's working. When it is added 
that a dividend of 30 per cent, on the 
full year, free of income tax, was 


declared it will be clear that there 
was little room for pessimism ; but 
Sir John had one or two things to 
say that are worthy of record in these 
columns. He pointed out that in- 
creased taxation arising out of the 
current Indian Revenue Act was 
going to add to their producing costs 
and that this might make it economi- 
cally and commercially difficult if 
not impossible — for them to maintain 
their maximum price policy for 
kerosene in India. Sir John also 
referred to the drilling operations in 
India and Burma, and gave reasons to 
show the necessity for deeper and 
more expensive drilling operations. 
He explained the impossibility of 
standing still, and urged that they 
must submit their geologists' reasoned 
* views to the test of the drill if they 
wefe to progress. Otherwise, the 
discovery of still unknown productive 
areas Jn India might undermine the 
predominant position they occupied 
as a fm*rketer, as well as a producer, 
in India. Reference was also made 
to the provision of facilities for bulk 
petrol in the Bombay area, and Sir 
John pointed out that the successful 
arrangement of this had enabled 
them to reduce the price of petrol 
in the Bombay sphere. 

AAA 

•Electricity Supply Organisation 

In another note we have referred 
to the arrangement by which the 
Calcutta Tramways will in future be 
operated by means of current pur- 
chased in bulk from the Calcutta 
Supply Company, and it may there- 
fore be interesting briefly to show 
how an area of 1 ,400 square miles in 
the North-east of England is served 
in this way by one organisation. 

Originally there were several supply 
companies, but they are now 
amalgamated, so that there are now 
over twenty power stations linked up 
in the system. Seven of the power 


stations are coal fifed, and the 
remainder are partly or entirely 
utilising waste heat for generation 
purposes. In all, there are some 400 
sub-stations, at which high-tension 
current is transformed to a pressure 
suitable for small motors, etc. While 
the horse power connected in 1005 
was 52,000 for bulk and miscellaneous, 

52.000 for collieries and mines, 50,000 
for traction purposes, and 40, (MX) for 
heating, cooking, small manufac- 
turers etc., this had grown in 1020 
to 470,000 for bulk and miscellaneous, 

442.000 for collieries and mines, 

3 10, 0(H) traction and 282, 000 for light- 
ing, heating and small manufacturers. 
Thus, in 1005, the total horse power 
connected was 104, (MX), whereas in 
1020, it was 1,510, (XX). That great 
economies have been effected by the 
amalgamation of the separate interests 
is indisputable, while consumers have 
gained from the cheaper and more 
efficient supply of power. 

AAA 

The Calcutta Tramways 

That tramways are the best and 
most economical means of dealing 
with the traffic needs of the dense 
population of Calcutta, is a statement 
made by Mr. J. 0. B. Stone, in his 
speech at the recent general meeting 
in London, of the Calcutta Tramways 
Company, Limited. Mr. Stone also 
observed that the motor omnibuses, 
which were put in service in August 
1921, had not realised expectations, 
the results of the service having 
proved disappointing. For the time 
being, therefore, these vehicles are 
•being kept for special traffic purposes. 
In connection with power supply it is 
interesting to note that while, in the 
past, the Company has generated its 
own electricity, they have now 
entered into an agreement with the 
Calcutta* Supply Corporation to pur- 
chase current in bulk. There can be 
little doubt that this is sound 
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policy, awl^one that is gradually 
being extended under suitable con- 
ditions in all parts of the world, ft 
essentially makes for economy, and 
is to be recommended. The net 
earnings of the Company for the year 
were £04,42!) as against £240,28!) the 
previous year, thi. decrease being 
due, the Chairman stated, mainly to 
Strikes and political disturbances, 
there being during the year 57 days 
of actual stoppage. Further rolling 
stock has been ordered and will soon 
be in service, and it is hojwd that the 
current year will witness an improve- 
ment. 

AAA 

Bombay, Baroda and Central 
India Railway 

Ihk working of most of the Indian 
Railways for the year ending March 
31st, 11)22, has shown an increase in 
the operating ratio as compared with 
the previous year, and the Bombay, 
Baroda & Central India, is no excep- 
tion to the rule. At the same time, 
they have been relatively fortunate, 
as compared with certain other lines, 
although the working expenses were 
76.1)7 per cent, as against the previous 
year's 68.0!) per cent The system of 
railways worked by this Company 
comprises 3,641.55 miles, 1,230 miles 
being 5 ft. 6 in. gauge, 2,343 metre 
gauge and 01) 2 ft. 6 in. gauge. The 
gross earnings were Rs. 10,32.38,837, 
an increase of Us. 35,11,274, but as 
expenditure was Rs. 7,04,67,047, or 
Rs. 1,15,50,845 more than the previous 
year, the net earnings were Rs. 
2,37,71,700 or Rs. 80,48,571 less. 
Six per cent, is being paid, as in the 
previous year, but to do this about 
£30,000 has had to be taken from 
profits held in reserve in the stock- 
holders' revenue account. With 
regard to traffic there was a decrease 
of, roughly, 1,000,000 passengers 
carried and an increase of 3(H), 000 
tons carried, although the ton- 
mileage worked was less. On the 
whole, considering the high figures 
incurred for locomotive fuel and 
maintenance of way, the results were 
satisfactory, and it is probable that 
improvement will be realised in the 
current year. 

AAA 

Indian Railway Gauge 
Problems 

In a recent issue of Industrial 
India, we published a summary of 
Mr. F. G. Royal Dawson's paper on 
" Indian Railway Gauge Problems,” 


read at a meeting of the Institltjon of 
Civil Engineers in Dondon. Since 
then, Mr. Royal Ifciwson has con- 
tributed a somewhat similar paper to 
the proceedings of the Royal Society 
of Arts, and one or two of his views 
have led to some criticism. At the 
same time the concensus of opinion 
in the discussion participated in by 
several authorities was that Mr. 
Royal Dawson's suggested gauge 
policy was eminently practicable. 
One speaker, however, urged that as 
India was an entity, the question of 
gauge, except in so far as it affected 
the country itself, was not im- 
portant, but this surely took a short- 
sighted view of the jxissibilities of the 
future. When, by means of the 
Nus lik i route, the Khyber Pass, the 
Yukong Valley and the Northern 
Shan States, India is linked up with 
Trans-Caucasia, Russia and China 
respectively, the gauge problem will 
be intensified unless attention has 
been paid to these developments as 
they progress. The great thing is to 
avoid a break of gauge wherever it is 
possible to do so, and both in India 
and Australia, they have suffered so 
tremendously from lack of a coherent 
policy in this regard that the lesson 
should not be lost on those now 
responsible for Railway developments. 

AAA 

Steam and Electric Refrigerating 
Plants • 

An instructive article on steam and 
electric driven refrigerating plants is 
contained in a recent number of 
” Power ” (U.S.A.), by Mr. C G # lv. 
Porce. A refrigerating plant can be 
driven in one of three ways, (1) 
Klectiicity purchased from a central 
station, (2) Steam power plant, and 
(3) Oil engine. The latter has many 
advantages when electric power ^at a 
reasonable price is not available, and 
is being more and more adopted since 
its reliability is now recognised. The 
question of the use of electricity is « 
largely a matter of the price to be 
paid for the current, and has of course, 
the advantage as compared with a 
steam plant that all troubles cwith c 
coal, ash, water, steam pipes, con- 
densers, and the attendant labour, 
are done away with. There is, 
however, the difficulty that electric 
supply is liable to interruptions, a 
very serious matter in a refrigerating 
plant. Also, in order to get current 
at the most favourable rates, it is 
necessary to take a steady load, 
which means having a very large ice 
storage capacity, an expensive item. 


The chief advantages of a self- 
contained and independent steam 
power plant on the usual lines are 
great flexibility in power output, a 
conti iftious service free from break- 
downs, *and complete control inde- 
pendent of any outside authorities. 
In an ice plaift continuous service is 
even more important than running 
efficiency. Also the modern medium 
speed steam engine is more economical 
than the average electric motor under 
the ordinary conditions of an ice 
factory. 

A t valuable and detailed com- 
parison is given of the figures of & 
steam and electric driven plant. 
Thus, on two almost identical plants, 
with a capacity of 100 tons of ice 
per day, and a storage cajjacity of 
10,000 tons, the cost of the steam 
driven plant was $36,000 for the ice 
plant buildings and daily storage, 
$80,000 for the large storage build- 
ings, and $84,000 for the ice-making 
plant and machinery complete, mak- 
ing a total cost of $200,000. The 
total cost of the ice produced was 
$1.97 per ton, including 80 cents for 
interest, taxes, depreciations, and 
maintenance charges, 72 cents for 
labour, and 45 cents for coal, water 
and supplies, coal being $6.00 per 
ton. A similar plant, electric driven, 
with current at 1J cents per K.W. 
hour, cost $185,000 complete, slightly 

* less than the steam plant, including 
$32,000 for the ice plant buildings 
and daily storage, $80,000 as before 
for the large stores, and $73,000 for 
•the complete ice-making plant. The 
total cost of the production of ice 
was, howevqf, <&msidcrably more than 
with the fcteam plant, $2.23 per ton 

# inclusive, consisting df 74 cents for 
interest, taxes ana depreciation and 
maintenance charges, 59 cents for 
labour, and 90 cents for electric 
current. Jfhere is no question, there- 
fore, that the steam plant has the 
advantage, and much the same state 

, of affairs probably obtains through- 
out the world. 


Sugar Industry 

Commencing in the next issue of 
Industrial India, will be the first 
article of a short series on Sugar, 
The first article will ^ deal with the 
present state of the "industry, arid 
what is being done for the future; 
and the subsequent articles will 
describe modem machinery used in 
the Industry. 
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THIS SECTION DEALS WITH THE GREAT BASIC INDUSTRIES OK INDIA. 
IN THE, PRESENT ISSUE WE DEAL PARTICULARLY WITH IRRIGATION 


Irrigation Enterprise in India 

The following is the first portion of Mr. Wood's paper read before the 
Indian Section of the Royal Society of Arts , and which deals with the 
History and Commercial development of the Indian Irrigation system. In our 
next issue we will publish a summary of the remaining portion of Mr. 

Woods’ paper, in which he condemns the Sub bur Barrage project. 


T HE total area of the British 
Provinces in India and 
Burma (».£., to say, of 
territory directly adminis- 
tered by British agency) 
amounts to about 625 million acres, 
or more than twelve times the gross 
area of Great Britain. 

Of this area little more than one- 
third, i.e., about 223 million acres, is 
cultivated and sown annually ; whilst 
little more than one-fifth of the 
cultivated a^ea is artificially irrigated. 
The remaining four-fifths of the 
cultivated area is dependent upon 
rainfall for its germination and 
maturity. If in any season, in any 
local it}*, the rainfall be deficient, the 
crops fail and the local population 
suffers distress ; whilst a succession 
of two or more seasorfs ^f drought 
results in famine. - 

1. Of the gre^s area of 49 million, 
acres, which is irrigated artificially, 
about two-thirds, or over 30 million 
acres, are irrigated by means of 
canals or reservoirs (tanks) ; # the rest 
being irrigated with water drawn 
from wells, or by other miscellaneous 
methods. The canal systems of 
irrigation are mostly administered by 
official agency, and they irrigate 
annually more than 20 million acres. 

2. Of the syjea irrigated by canals, 
about half, or about 10 million acres, 
lies in the Punjab Province ; about 
one-sixth in the Sind portion of the 
Bombay Presidency ; about one- 
eight in Madras, and another eight 
in the United Provinces ; and one- 
tenth in Behar ahd Orissa. From an 
irrigation point of view, the Punjab 
is the most important Province in 
India, and it there that canal- 
irrigation, and especially perennial 
irrigation, ha £ exhibited some of its* 


most striking successes both scienti- 
fic and financial. It is as one who has 
controlled the canal administration of 
the Punjab quite recently, for several 
years, that I venture to address my 
present audience. 

The Punjab 

3. The Punjab Perennial Canals 
have proved to be most remunerative 
undertakings. The capital expendi- 
ture on them, down to the end of the 
year 1919-20, amounted to nearly 
*£10,000,000 ; and the gross revenue 
derived from their operations 
amounted, in that year, to nearly 
£3,30(^000 ; the nett revenue to the 
, State, after deduction of working 
expense* (£800,000), amounting to 
nearly £2,500,000 ; or, to say, 16 per 
cent, per annum on the capital 

^expenditure. The annual interest 
charges on capital amounted to 
£488, 000 ; and when we have 
deducted these charges from the nett 
revenue, we find there is still left to 
the Government a nett profit of 12| 
per cent: on the total capital cost of 
these works. 

Figures like these are calculated to 
fire the imagination of officials, and 
even of non-officials, in the agricul- 
turally. less prosperous provinces of 
Bidia ; and it seems to be the case, 
unfortunately, that a contemplation 
of the successful results of Punjab 
Irrigation enterprise has led to a 
degree of excessive optimism, in an 
adjacent province, which it is my 
desire to moderate, if possible, by the 
considerations set forth in the present 
discourse. 

4. The conditions of perennial 
irrigation enterprise in the Punjab 
are at present extremely satisfactory ; 


but it is well to bear in mind that 
they were not always so ; for it 
would be a grievous mistake to 
suppose that any kind of project of 
perennial irrigation-prepared with- 
out the engineering skill, and the 
prudence of agricultuial and financial 
iorecast, which have been the out- 
come of slow evolution and experience 
in the Punjab -is bound to prove 
successful, without regard to con- 
siderations of geodesy or of hydro- 
graphy, or of hydraulics, or to nny 
consideration, but that of meteorology 
in a country of scanty rainfall. 

5. British enterprise in the develop- 
ment of irrigation in India began 
with the restoration of the Western 
Jumna Canal in the year 1820. 
Previously there had been a canal 
which had been constructed by the 
Emperor Firoz Shah, of Delhi, in the 
middle of the 14th century. This 
canal offtook from the River Jumna, 
near its exit from the vSivalik Hills 
and flowed a distance of about 200 
miles to the Fort of Hansi and the 
town of Hissar, on the borders of the 
Rajputana Desert. It ceased to flow 
after an existence of about 50 years, 
but was restored alxmt the middle 
of the 16th century by the Emperor 
Akbar, and was improved further, 
about the middle of the 17th century 
by the Emperor Shah Jahan, who 
conducted a ^>ranch from it to the 
city of Delhi. It fell into ruin or 
clisuse a century later and was once 
more restored in 1820 by the British 
Government, who, however, made no 
alterations in the alignments, or 
noteworthy improvements in the 
design of the canal system. 

6. From 1820 onwards, the tracts 
watered by the canal experienced 
alternately, from time to time, visita- 
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lions of famine in years of scanty 
rainfall and of epidemic malaria in 
" wet ” years ; and it is noteworthy 
that the abundance of water supply 
in wet years was as disastrous to 
agriculture as the shortage thereof 
in years of drought quite apart from 
considerations of human morbidity or 
^mortality. 

7. The general result of all the 
discussions of the waterlogging pro- 
blem which resulted from their ill 
effects was that in the years I S7 1 
and I H74, f>() years after the restoration 
of the old Jiiuisfnihi Canal, the 
Secretary of State for India sanctioned 
estimates, amounting to over one 
crore of rupees (£10,000,000 at the 
then rate of exchange) of the pro- 
bable cost of re aligning and re- 
modelling the Western Jumna Canal. 

A very extensive system of surface 
drains was also included in the 
project which was carried out to 
completion by the year 1HK5. 

This expenditure had the effect of 
reducing the net revenue from 37 l , 
per cent, per annum on capital cost 
to 51 per cent, per annum, and ihe 
consent of tin.' Government to this 
reduction of net profits was an index 
of its realisation of the gravity of the 
waterlogging evil. 

Kurnal to Sirsa Branch 

In the year 1 SStl, also, the Secretary 
of State for India sanctioned a project 
for the construction of a new branch 
of the Canal, extending from above 
Karnal, to Sirsa, a distance of 140 
miles, thereby greatly increasing the 
area over which the water of the 
canal was dispersed in irrigation, and 
reducing the intensity of irrigation 
per unit of the gross area commanded. 

8. The result of these measures has 
been excellent. The area irrigated 
annually by the Canal, which averaged 
about 400, (KK) aeies during the period 
1800-1880, and which dwindled to 
less than 300,000 acres a few years 
later, now averages about 750,000 
acres annually. 

This irrigation, moreover, of 750,000 
acres, is dispersed over a gross area 
of 2,700,000 acres ; aifd the water- 
logging evil in the Western Jumna 
Canal tracts disappeared with effect 
from about the year 1805, or 75 years 
after the re-opening of the old 
BadsJtahi Canal by the British. 

9. Irrigation canal science was still 
backward, and the Punjab Canals 
were still in trouble at that date, 
from various causes. The Sirhind 
Canal was opened /or irrigation in the 
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year 1882, but suffered seriously 
from deposits of v^iter-borne sand, 
which accumulated in shoals to such 
a height that by the year 1803 the 
question of dosing the canal for three 
months annually during the silting 
season, was seriously mooted and 
agreed to. loiter on, however, a 
remedy was found for this shoaling 
trouble, blit not till the year 1901. 


Water-logging Trouble 

Meanwhile, the Bari I)oab Canal, 
which had been opened for irrigation 
in the veal 1850, experienced the 
water-logging trouble in its upper 
reaches ; so that in the year 1802, 
winter, or rabi, irrigation from it 
was discontinued in the District of 
Gurdaspur and part of Amritsar. 
This trouble is still in being, and is 
very much in evidence in years of 
abundant rainfall. Around the city 
of Amritsar the ground water lies at 
a level only about 5 feet below ground 
surface at ordinary times, and heavy 
rainfall firings it up to the surface. 

In 1887. the (I/>wer) Chenab 
Canal was opened for irrigation, but 
proved a failure by reason of defective 
design. It had been designer! to draw 
water perennially from the River 
Chenab without the help of a regulat- 
ing weir across the river, but the# 
design was defective for that purpose, 
and silt-deposits put t he canal out of 
action in the autumn. A weir was 
built across the river at its h£ad in 
the year 1892, and the scope pf the 1 
canal system was vastly increased 
and brought into effect by the year 
1902. since when the history of the 
canal has been an uninterrupted* 
record of financial success. 

10. The year 1901, 81 years from 
the inception of British irrigation 
enterprise in India, marks the date 
from which the success of all the 
perennial canals of the Punjab has 
been fully assured ; but the troubles 
and difficulties through which that 
enterprise has forced its way ought 
not to be overlooked in any new 
schemes that may be devised now o\ 
hereafter. These canals have been 
commercially successful because they 
were designed with caution, in the 
light of agricultural and financial 
considerations, as #ell as from the 
point of view of engineering con- 
struction ; but failure may yet over- 
whelm any projects, apparently 
similar at first sight, but essentially 
different in underlying conditions, if 
such projects be conceived in a spirit 
of undue optimism, or in ignorance 


of the essentials requisite to success 
in such undertakings. 

11. The great rivers of Northern 
India* tye Ganges and the Indus, and 
their tributaries, the Jumna, and the 
five rivers o£ the Punjab, at the 
points where they issue from the 
Himalayan Mountains, on to the 
hlluvial plains, disfharge volumes of 
water varying from 2,000 to 10,000 
cubic feet per second in the winter 
or low water season, up to from 
30,000 to 450,000 cubic feet per 
second ordinarily in the summer, or 
flood season ; whilst extraordinary 
floods of short duration, due to heavy 
rainfall, occasionally raise the dis- 
charges up to from 200,000 to 
1 ,000,000 cubic feet per secqpd. 

12. Tniv Suij-Montank Zonk. 

At the points where these rivers 
issue from the Himalayas, the ground 
surface of the plains usually slopes 
away from the hills at the rate of 
from 10 to 25 feet per mile. Floods 
of such magnitude, flowing with 
velocities generated by such steep 
gradients, have an erosive force far 
greater than any soil but rock can 
withstand ; hence, in the sub-montane 
regions, the currents of the rivers 
erode their channel-soil in the vertical 
as well as in the horizontal planes ; 
and boulders, in all sizes, from 
shingle up to stones several feet in 
diameter, forming the bed of the 
stream, indicate the erosive power of 
the currents. Where the riverj is.sue 
from the Hills, they are usually from 
J to J-tnile wide ; but as they pro- 
gress.down stream, they widen out, by 
process of* lateral erosion, until, at 
a distance of 50 or 1J)0 miles, or so, 
•downstream, their valleys, formed by 
erosion, are anything from one to ten 
miles witfe. 

« 

The Lower Regions 

13. Thk Lowkr Krosivk Zonk. 

At this distance from the Hills, the 

declivity of each river bed has usually 
flattened to about 1} feet per mile, 
and the hnuldyrs and shingle of the 
bcd-^oil further upstreafn have given 
place to coarse-saud and silt forma- 
tions. 1R this region, which we may 
describe as the Lower Erosive Region, 
the width of channel or valley eroded 
by the currents, is far greater than 
any but the greatest, and rarest floods 
can occupy ; so that, ordinarily, even 
in the summer, or flood, season, the 
river occupies only a, fraction of the 
width available for it. It flows in one 
or more main channels, and usually 
several subsidiary channels, with 
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shoals or reed-grown islands between 
them. 

14. If we draw a line at rigtyt angles 
to the course of the river in the 
Lower Erosive Zone, and survey the 
ground levels along tjiat line, we find 
that although the High Flood Level 
of the river Is high enough to sub- 
merge the whofe of the riverain, or 
lowlands, in the valley, it is yet well 
below the levels of the up-lands 
which set lateral limits fro the riverain. 
This is the distinctive feature of the 
I,ower Erosive Zone, to w^ich I 
particularly draw attention, as bearing 
on the problem of irrigation. The 
lowlands are known as Khadir , or 
“ hidden," in allusion to their liability 
to be covered with sheets of water, 
or with dense vegetation, during the 
flood season. In the Punjab 
vernacular they are also known as 
Hithar , or Lower. The up-lands are 
known as bhangar, or utar, the latter 
word meaning " up-land." 

Silt Deposits 

15. The Upper Deltaic Zone. 

The erosive action of the currents 

in the lyower Erosive Zone tend to 
flatten the declivity of the river bed ; 
so that, as the river progresses down- 
stream, the erosive action decreases, 
and a tendency to deposit silt aiuV 
sand by alluvial action becomes more 
and more pronounced. 

'lihe bed of the river, and the level 
ot the riverain land, gradually rises*; 
and the relative elevation of the up- 
lands diminishes. • # • 

In the Punjab this occurs in the 
region immediately upstream and 
downstream of the confluences of its 
rivers with each other ai*l with the 
Indus ; which region we may describe 
as the Upper Deltaic Zory.\ In this 
zone the river tends to occupy, 
generally, one main channel, which, 
by alluvial deposit, raises itself* 
gradually higher ; so that the riverain 
land, formed by alluvial deposit from 
the river's floods, becomes a well- 
defined ridge, with the fiver located , 
along the top of the ridge, afid the 
ground surface sloping t^vay down- 
wards on both sides, towards low- 
lying valleys. Under such conditions, 1 
it is obvious thEft there is a con- 
siderable possibility of the river’s 
breaching its* banks during some 
high flood, and deserting its elevated 
channel on the ridge, for another at 
a lower level In the lateral valley. 

16. The tawEx Deltaic Zone. t 

Finally, as the river progresses 


i 

• 

further down stream, it arrives at the 
true Deltaic formation, in its approach 
to the sea. At the head ot this 
“ delta ” it splits up into two or more 
channels, each of which, forming for 
itself an ever more and more elevated 
ridge of alluvial deposit, flows into 
the sea by a separate “ mouth." 

17. River Gradients. 

We see, then, that if a section were 
drawn along the bed of a North 
Indian River, in the vertical plane, 
the bed line of the river would appear 
as a curve, of gradually varying 
curvature, sharper upstream and 
flattening out downstream, nearly 
tangential to the vertical at the up- 
stream end, and near tangential to 
the horizontal at the downstream end. 

IS. The canals of Lower Egypt, 
and of Madras, arc examples of 
irrigation canals in the Lower Deltaic 
Zone, IY r . Those of Middle Egypt, 
Sind and some of the Punjab Inunda- 
tion Canals may be classed in the 
Upper Deltaic in Zone III. ; whilst 
the rest of the Punjab Inundation 
Canals occur in the T*owcr Erosive 
Zone, II. The perennial canals of the 
Punjab and the United Provinces of 
India offtake from their parent rivers 
in the Sub-Montane and Lower 
Erosive Zones I. and II. 

19. It is well to bear in mind the 
difference, in natural conditions, of 
relative elevation of water and of 
ground surface in Zones IV., 111., 
and* in the riverain lands of Zone 
II., from those of the uplands in 
ZoiTe 41. 

In Zone I. it is hardly necessary to 
raise the water level of a river, even in 
the low water season, by means of a 
barrage or weir across the rivei in 
ordei to ensure a constant supply of 
water to offtaking canals. It is in 
Zone II. chiefly that the necessity of 
laising the water surface of the 
river, whether in the high-water 
season or in the low-water season, in 
order to irrigate the uplands, above 
the level of the river's highest floods, 
has been felt, and has led to the con- 
• struct ion of the great river weirs 
of the Punjab and the United 
Provinces. 

In Zones III. and IV., though* 
weirs or barrages may be built across 
rivers, in order to raise their low- 
water levels for purposes of irrigation 
(as has been done in Madras, Behar, 
and in Egypt), such construction is a 
luxury rather than a necessity ; and 
it depends upon the particular cir- 
cumstances of each case whether the 
country can afford the luxury. 


20. IVnjah Irrigation History 
Since 1901. 

It is probable that the high-water 
mark of irrigation-canal-enterprise on 
the part of British engineers in India 
was reached by the completion of the 
Lower Chenab Canal project, in the 
year 1902, at a cost of abqftit 
/d.SOO.OOO (270 lakhs of rupees). It 
was then irrigating annually 1,900,000 
acres of land ; an area which has 
since increased to about 2,400,000 
acres annually. Its full capacity is 
nearly 11,000 cubic feet per second 
(about six times the vet age discharge 
of the Thames at Teddington), and 
it yields a net revenue that represents 
a return of nearly 45 per cent, per 
annum on its capital cost. 

The completion of this canal was 
followed bv that of the Lower Jhelum 
Canal, a similar, but much smaller, 
canal, which yields a nett revenue 
return of more than 20 per cent, per 
annum of its capital cost. 

Next followed the great Triple 
Canal project, of greater magnitude 
and far greater cost, but not nearly 
so remunerative as the Lower Chenab 
Canal. The Triple Canal project was 
completed in about the year 1910 at a 
cost of about £0,900.000 (1,033 lakhs 
of rupees). 

When fully developed it is expected 
to yield a nett revenue return of 
about S per cent, per annum on its 
capital cost ; but at present its 
yield is only about 5 per cent. 


THE ROTASCOPE 

The National Physical Laboratory, 
which was established near I/;mdon, 
by the British Government, has pro- 
duced quite a number of scientific 
instruments of the highest value. 
One of these was recently shown at a 
scientific exhibition in I/mdon. Its 
purpose is to render a rotating object 
continuously visible, while it appears 
to be at rest. The method adopted 
is different from that of illuminating 
the object by a series of brief flashes 
of light. The principle made use of 
is a property of reflection from a 
smooth surface, which is rotated 
round an axis parallel to the surface, 
and in line with the axis of the object. 
•When this reflecting surface is rotated 
at halt the speed of the object itself, 
the image in the reflecting surface 
appears stationary. This instrument 
is expected to prove useful for 
measuring speed ana for studying the # 
phenomena of vibration andT strain in 
rotating objects. # 
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Mining Manganese in India 

A brief review of the. Manganese Industry 
showing the special value of the Indian deposits. 


B EFORE tilt* war the largest 
supplies of Manganese ore 
came from Russia and India, 
but in the last few years, 
there h?ive been discovered 
other sources in Brazil, the Cold 
Coast of Africa, and a few other 
places. But in spite of the com- 
petition of the new fields there is 
little doubt the manganese industry 
in the first two countries will continue 
to develop as the demand for 
manganese increases. The Indian 
fields have proved most useful, and 
the reports all go to show that the 
prospects for the future are very 
good. The Indian ore, on account of 
its hard lump form, is much more 
suitable for blast furnaces than the 
more friable ores obtained from the 
Caucasus, and it is also possible, 
owing to the better selection, to 
export a more uniform quality than 
that which characterises the Russian 
shipments. The ore consists mainly 
of psilomelane with an important 
amount of braunite. The quality 
of the manganese varies in different 
fields in India, but on the whole the 
quality is considered high. The ores 


of the Vizigapatam district are mainly 
psilomelane with small amounts of 
pyrolusite and braunite ; the typical 
ores of the Central Provinces consists 
of mixtures of braunites and psilome- 
lane ; the ores in Mysore are usually 
associated with banded ferruginous 
quartzites. The ores from the Central 
Provinces are considered of the highest 
grade, while those from Vizagapatam 
and Mysore belong mainly to the 
second and third grades. The first 
grade ores have a high manganese 
content, usually from 41) to 54 per 
cent., and a moderately high iron, 
from 4 to 8 per cent. The silica 
varies from 0 to 1) per cent, and the 
phosphorus about 0.07 to 0.14 per 
cent. The second and third grades 
are characterised by high iron and 
phosphorus contents and compara- 
tively low silica. Though a good deal 
of prospecting has been done there 
are no new fields of any . ize discovered 
in other parts of India, though it is 
yet too early to say what a more 
complete survey will discover, .^t 
present practically all the ore mined 
in India is shipped to Europe •and 
America for conversion, only a few 



Optotaft op • tattgAMM Mint 


thousand tons being used in India, 
and this chiefly as a cLesulphuriser in 
iron and steel furnaces. With the 
devehjpment of the iron and steel 
industry in India, doubtless a larger 
demand will be made on the supplies, 
but for many years to come India 
will need to seeks its markets in the 
West. Unfortunately the high per- 
centage of phosphorus in India ore 
and coke makes the supply not so 
satisfactory for Indian use as supplies 
from other parts. But with the 
improvements in the iron trade the 
necessary adjustments would pro- 
bably be easily made. 

The metallurgical uses of manganese 
are many but the greatest percentage, 
say 95 is used in the manufacture of 
iron and steel. The remainder is 
used in chemicals, dry batteries, 
glass and paint industries. It was 
estimated that in the year 1918, the 
demand for manganese for the manu- 
facture of dry cells in America, and 
flint glass was at the rate of 35,000 
tons per annum. Unless there are 
new uses discovered for the use of the 
ore, it is not likely the output of* the 
Indian mines will greatly increase, 
but it is very probable the ore will be 
found ’increasingly useful in other 
directions. • In a lecture delivered in 
Calcutta, Mr. L. If. Fermor of the 
Geological Survey of India, stated 
that “ Of* over 1,000 species of 
minerals known to science about one- 
eighth contain manganese as an 
essential constituent, whilst many 
others contain it in less important 
•quantities. It is calculated that 
over 10 per cent, of the earths crust 
carries manganese peroxide, man- 
ganese bein^ ranked as the fifteenth 
• most important? element in that 
respect. As a result of the decom- 
position and denudation of the surface 
of the earth, effected by rain and 
'other agencies, its constituents are 
carried either in ‘suspension, or in 
solution to the sea, and it has been 
estimated that every year about 
37,000,000 tons of manganese com- 
pound containing nearly 26,000,000 
tons of manganese are carried 
in solution in river w^ter to the 
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Some years ago the manufacture 
of ferro-manganese was begun in 
India in the works at Jamshedpur, 
and the alloy produced was* of the 
following composition. Mhnganese 
70 per cent., phosphorus 0.55 per 
cent., and silicon 2 to H per cent. The 
output from one furnace reaches 
about 80 tons a day. Ferro- 
manganese is also manufactured by 
the Bengal Iron and Steel Company, 
the product having a guaranteed 
minimum of 7<f i>er cenf. manganese, 
and a maximum of 0.55 per cent, 
phosphorus. It is believed • that 
with a careful selection of the Indian 
ores, some real advance may be 
shown, though it has been pointed 
out new methods will need to be 
adopted* in the blast furnace if India 
is ever to become eminent as a maker 
of ferro-manganese. The possibilities 
of electric agency will have to be 
carefully considered. 

In recent years the manganese 



A Tramway in the Junftle for conveying Manganese 


deposits in the Mysore State have been 
extensively worked, mainly by the 
firm which was known as the Work- 
ington Steel and Iron Company. 
Many prospectors staked out claims 
and a certain amount of work has 
been done in several other districts 
other than Shimoga, but for the most 
parts these have not proved very 
successful. There arc deposits in the 
Kadur, Chita Idrug and Tumkur dis- « 
tricts as well, but the conditions do 
not seem very favourable to active 
mining operations. In the year 11)08, 
the company above referred to took 
over the area in which they are* 
working and it ^ias carefully 
developed the area on scientific lines. 
The work hag steadily progressed, 
and from this mine large quantities* 
have been sent to England to supply 
the needs of the great iron* and steel 
works connected with them. From 
the beginning the work *has been 
under the control of one manager, 
who has been able to fellow his plan 
of campaign from the beginning. The 
town of Shimoga was selected as the 
headquarters of the developments, 
as this place was on the railway line, 
and presented facilities for the dis- 
patch of the ore. In this town all 
arrangements for the work were made. 
A large workshop for the necessary 
repair of the engines was erected ; 
land was purchased near the railway 
for the storing .of the ore, provision 
was made for the education of the 
employees, who might be brought 
from other parts of the State, and 
South India, for work on the mines.' 
A well equipped dispensary, and also 
ft laboratory for the testing of the 


manganese ore brought from the 
mines. In charge of this work is 
Captain C. R. Valentine, to whom the 
writer is indebted for some of the 
details of this article. It is under his 
skilful guidance that the work has 
been carried out, and lie is mainly 
responsible for the many develop- 
ments that have taken place since the 
, formation of the company. He 
kiynvs every inch of the ground in 
the district, and his investigations 
have resulted in opening up several 
valmfble areas. Evidence of his keen 
interest in the welfare of the men 
may b<? seen in the provision he has 
made for their recreation, housing, 
schooling, etc., all of which are a 
great asset to the work. 1 he 
Engineering Department is in charge 
of a trained engineer, who is respon- 
sible* for the important work con- 
nected with this branch of the 
Company. Not only has he to lay 
railway lines through the rough 
• hilly country, set up everything 
necessary for bringing the ore to the 
railway station, but he has to keep 
in good condition the engines required 
«for this purpose. A visitor to the 
workshop here will be not a little 
surprised at the various kinds of 
engineering work done. These men 
'are seconded in their work by several 
other Europeans, who have charge of 
the separate manganese fields, and by 
subordinates on the line. The ores 
brought from the mines are all care- 
fully tested by a man who has been 
trained for the work, and then care- 
fully graded. All the grades are 
clearly marked off in the large hills 


of managnese near the railway line, 
so that it is possible for the manager 
to calculate very easily the value of a 
particular heap of mineral. In 
supplying the market, the Company 
must be able to state definitely the 
amount of mananese in the ore, and 
as this varies very considerably such 
a classification is absolutely essential. 

In some heaps the ore is of the 
greatest value almost “ wortli its 
weight in gold,” and this naturally 
brings a very high price in the market. 

The grade of the Shimoga ore is very 
good and brings a good price at 
home. 

The Mining Areas 

The mining areas are known as 
Kumsi and Shankargudda. The 
former is situated north of the small 
village of Kumsi, about 3J miles 
distant. The ore is found in situ on 
the northern slopes of a subsidary 
rise, which is practically parallel 
to the higher and main hills of the 
locality. The geology of this section 
of this country Is rather obscure 
owing to the very heavy undergrowth 
and subsoil. But from the indications 
observable it would appear as if 
.ferruginous quartzites and dolomitic 
limestones were the main rocks with 
minor mases of quartz and quartzite . 
rocks. The general strike of the ore 
runs are east of north by weft of 
south. The situ ore runs consists of 
series parallel bands or lenses 
covering a distance of between 2,000 
and 3,000 feet in length, and*a total • 
width of about , four hundred and 
*» * 
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Tb# Tramway lrom the Mines to Roll 

fifty feet. Tlie ground between the 
lemes is almost barren of true ore, 
and consists of residual clays and 
ferruginous soils with isolated boulders 
of manganese scattered through it. 
The ore lenses themselves are, in the 
main made up of a ferruginous soil 
mixed with a black nuyiganese im- 
pregnated soil in which the ore , 
masses have grown in situ with the ’ 
formation first of wad (a peaty like 
peroxide of manganese dark in colour) 
and later of psilomelane (a very hard 
crystaline mineral with sometimes a 
bright fracture). Towards the; eastern 
ends of the property a very large 
t quantity of pyrolusite, both hard and 
soft varieties, has been excavated 


linked up with the depot at Shimoga, 
a distance of 28 miles, by means of a 
well constructed two-fect guage rail- 
way. #/ £he average gradient of this 
line is one in 80 , and is almost entirely 
in favour of tlje load. This tramway 
has also been very largely used by the 
Mysore Government, who have 
brought down largd consignments of 
timber from their forests, and have 
also used it for the conveying of iron 
ore to the* new I/on Works at 
Bhadravati. There is a second block, 
known as Shankergudda, which is 
bein$ developed. As a rule the ore is 
not mined to any great depth. In 
the Mysore area it seldom goes below 
fifty feet, and in most parts even this 
depth is not reached. The govern- 
ment of Mysore lias in recent years 
adopted a policy of careful control 
over all licenses for prospecting and 
developing the mineral resouces of the 
State, in the belief that the mineral 
wealth of the State should be reserved 
for the State. They perhaps do not 
realise that minerals are not much use 
unless they can be put on the market, 
and it would be a short sighted policy 
to hinder any such developments as 
have taken place in the Shimoga 
section, and which has brought in a 
fair addition to the State revenues, as 
well as found employment for a 
large number of subjects of the State. 


and transhipped to England. The 
system of mining resembles the under- * 
ground long wall principle with this 
difference, that there is no over-head 
roofing or gallery work. There is a 
series of low wall terraces whicti are* 
cut into the ore lenses which run the 
length of the hill. Convenient tram- 
w'avs. two feet guage, are laid, for 
the running of hand pushed tipping * 
trucks, so as to facilitate the getting 
away of the ores to the inclines, or 
on the lower workings direct to the 
main line trucks. The manganese is 
also taken to the dumps. The 
existing inclines are on the gravity 
principle, a loaded carrier pulling 
up an empty one. This property is 


A NEW MOWING MACHINE 

# The standard type of machine for 
mowing grass consists of a revolving 
cutter, openititig on a stationary 
horizontal made. This type of 
machine is by no means perfect, as 
does not cut * very close to the 
ground, ayd is also ineffective on very 
long grass. A British firm has 
introduced a new type which appears 
to be a great advance on any earlier 
form. The cutter of the machine 
t consists essentially of two sickle 
blades, the sharp edges of which are 
brought together. The movement is 
such that the knives arc practically 
self-sharpening,# and tljc machine 
removes any kind of grass extremely 
close to the ground. Blades of this 
type can ?apidly be attached to any 
mow ? er, binder, or reaper. 

* •* A 

The second issue. of the Safety 
News and Chronicle contains, among 
others, a very' interesting article 
on the mine rescue work carried out 
at the front during the war, which 
should prove helpful it organising 
similar work in commercial mines. 
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THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 
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Air Filtration for Industrial Purposes 


T HE subject of air filtration 
in many industries iras to- 
day become one of great 
ini]>ortance, not only for the 
purpose of keeping the fac- 
tory atmosphere clean, but also for 
the recovery of the particular dust 
suspended in the atmosphere. 

It is somewhat surprising the num- 
ber of different classes of manufac- 
turers now dealing with this import ant- 
subject, such as cement works, chemi- 
cal works, carpet cleaning works, 
collieries, flour mills, textile works, 
porcelain factories, briquetting works, 
etc. 

Legislation has helped in increasing 
the use of air filters, particularly where 
the dust laden atmosphere is liable to 
dangerous explosions, and also, of 
course, where such atmosphere creates 
inefliciem v among both the human 
and mechanical elements of a factory 
The same type of apparatus is also 
used very extensively for the purpose 
of ^cleaning gases, such as the by- 


product of the blast furnace, which is 
very heavily laden with dust on 
leaving the furnace. Such gas is 
generally used under steam boilers 
for raising steam, and, alternatively, 
in the cylinders of large gas engines, 
and it is very necessary, before such 
gas is used, particularly in the latter 
case, that it should be freed from all 
dust . 

There are several methods at 
present on the market for extracting 
dust from the atmosphere, which we 
propose to deal with in detail in a 
later issue. 

In this introductory article we 
propose to describe some typical dry 
method plants in which fabric bags are 
used as the medium for filtration, and 
in subsequent articles to deal in 
similar manner with the process de- 
veloped by different firms. 

The first apparatus we will con- 
sider has been developed by Messrs. 
.V K. Harris, of I/mdon. 

The Patent filter dust collector 


consists mainly of a wooden or steel 
casing divided into compartments. 
Each compartment •contains a num- 
ber of filter tubes which are op'ii at 
their lower ends and fixed to the 
bottom of the casing. The upper 
end:, are closed by iron covers and 
susj>cndcd from a lever connected 
to the mechanism, 'file tubes are 
made of filter cloth, and the accumu- 
lated dust is removed in a simple but 
most efficient manner by the mechan- 
ism, and reversed air currents which 
automatically act on the tubes of pne 
compartment at a time at certain 
intervals. 

The working process of the machine 
is as follows The suction produced 
in the filter-casing by a fan, connected 
to filter by means of piping, draws the 
dust-laden air into tubes. As shown 
in lug. 1, the air passes through the 
tubes in the direction of arrows and is 
discharged into the open in a purified 
state, while the dust is retained in the 
tubes. 

The cleansing of the tubes 
takes place in the following 
manner : A valve in the 
suction box at the top of 
each compartment is re- 
versed by the mechanism, 
thereby cutting off the 
suction from one compart- 
ment., and opening a passage, 
giving free access to the 
atmospheric air, which is 
drawn into the compart- 
ment. (lugs. 2 and 3.) This 
reversed current passes 
through the tubes from the 
outside, as indicated by 
arrows (lug. 3), and passes 
out of their lower ends into 
& neighbouring compart- 
ment. At the same time, 
the lubes are subjected to 
a thorough mechanical shak- 
ing, which, ’together with 
the reversed current, frees 
the dust from the walls of 
the tubes and allows it to 
fall into the hopper below, 
from which it is 4ischargei 
automatically. 
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The discharged dust passes through 
an air-lock out of the machine, either 
to be fed automatically into sacks or 
to pass to other processes. The 
shaking of the tubes is repeated 
several times in rapid succession. 

The above - described mechanical 
process allows of a thorough cleansing 
of^he tubes, so that they have always 
regained their full filtering capacity 
when they are brought back to normal 
work. The cleansing of the tubes of 
each compartment takes place at 
intervals of a few minutes, and the 
disengaging of one compartment dur- 
ing the cleansing piocess never causes 
an interruption of the suction at the 
sources of the dust. 

The effect of the deansing process 
is increased by the patented conical 
shape of the tubes, which oilers no 
obstacle to the falling dust. During 
the usual working process, the conical 
shape of the tubes has the further 
great advantage that the free air 
between the tubes increases upward 
in proportion to the quantity of the 
purified air, and that thereby the 
friction on the casing and the tubes 
is considerably decreased. 

When exhausting dust which 
contains no ]>oisonous fumes, it is 
possible to cleanse the air so perfectly 
that it can be returned into the 
workshops, thereby having the im- 
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Sections through Harris Filter 

portant advantage in winter of saving 
the heat of the air. 

Whenever possible, all sources of 
dust are directly connected to the 
Filter by means of piping inclined*so 
as to prevent any accumulation # of 
dust, or a main pipe is made lAe of 
to which branch pipes are attached 
in such a manner that the change in 
the direction of the flow of the air 
is made as gradual as possible, thus 
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inducing frictional losses. With 
dusts of low specific, gravity, however, 
there is little danger of accumulation, 
and in such cases the branch pipes as 
well as the main pipes are arranged 
horizontally, presenting a better 
appearance an^ reducing costs 
generally. • 

The diagmmmatic sketch (Fig. 5) 
sh®ws the working* of* the Harris 
system collector in an emery works. 

It will be*seen that the current of 
air produced by the fans over the 
mills collects all floating matter, 
which, passing through the trunking 
to the cyclone, there deposits the 
heaviest particles, which are sacked 
off as dropped. 

The lighter particles 
i passing through the cy- 

clone *to the stive-room, 
mf\ \ * >r separating chamber, 

J \ «re then again separated 

p Hi into two or three grades, 

m the heaviest particles 

falling Sn to the floor. 

The emery collected in 
the stive-room or se- 
parating chamber is col- 

lected periq^ically, or 

!?sL conveyed automaticall; 

away t? th% paddnj 
department. 





Passing through the trunking from 
the stive-room, the air laden with the 
Jighter particles passes through the 
collector. In the collector the air is 
thoroughly filtered, the filte? sleeves 
being automatically shaken free of all 
dust, which is mechanically conveyed 
to the packing department. 

The modern flour mill is to-day 
relatively dustle&s, and explosions are 
scarcely heard of where an efficient 
system of dust collection is installed. 
Various attempts havej>een made to 
deal with the dust problem, the first 
of which was the introduction of the 
stive-rooms. Then followed cyflones , 
which reduced the explosion risk of 
the stive-rooms, but they, like the 
stive-rooms, collected the dost only 
to deposit it on the neighbouring 
roofs. 

In many cases to-day the system 
of dust collection draws the dust by 
an exhaust fan through trunking into 
a collecting device. This method, 
however, is not efficient in avoiding 
explosions, for in a number of dis- 
astrous cases the origin has been 
traced to the exhaust fan. 

Flour mill dust is almost pure 
carbohydrate, which, if in sufficiently 
fine form and in contact with free air, 
forms an explosive mixture. If a 
spark is supplied to this mixture, as 
may occur through a faulty fan, an 
explosion may result. 

The Harris system avoids this prob-* 
lem by placing the filter between the 
dust supply and the fan, therefore the 
air passing through the fan is inert. 
Besides eliminating the explosion 
hazards, this system places all the 
machines in the mill «unller a partial 
vacuum, and provides lor fresh-air 
inlets to the macliines. Tins leads to % 
greater efficiency of the machines due 
to lower temperature and absence of 
dust in the room. Finally, the dust 
which used to be scattered over the 
neighbourhood is collected, and the 
value of the dust is claimed to be 
sufficient to pay for the dust collecting 
installation within a few months. 

Considering now the process of 
cleaning blast furnace gas for use 
under stean^ boilers or in gas engines, 
what is known as the HalbergrBeth 
system has been very largely adopted 
for this work. 

For a number of years it has been 
generally recognised by blast furnace 
engineers that the use of the blast 
furnace gas in its dust-laden state is 
very uneconomical. Even in the days 
of cheap fuel and labour, it had come 
to be considered a paying proposition 
to instal a gas cleaning plant, and the 
recent great fhcxeaife in prices has only 



served to strengthen this opinion, existing stoves, or a reduction in tl 
•whilst the present need of increased number of stoves required per furnac 
production provides another argu- (2) An increase in the capacity 1 
ment in favour of adopting every the existing boiler range, 
means of increasing the efficiency and ^ 3 ) a reduction in the demand f 
^apafity of existing plants. That gas f rom the existing plant, settii 
these increases are secured by the f ree f or 0 ther uses a considerable pr 
installation of a gas cleaning plant portion of tffe gas supply, often mo 
will be realised when the following •than 30% of the whole. This spa 
‘advantages,* generally admitted to gas C3iXl he used for the production 
result from the use of clean gas, are power, either by means of steam 
considered : — gas engines, or it can be used f 

drying cores and moulds in the ir 
Increased Efficiency of foundry, for billet heating fuma< 

Combustion and soafting pits in the steelworks, 

resulting in: mixed with varying proportions 

(1) Higher blast temperatures from producer or coke-oven gas, for op 
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Installation or Zinc Oxide Recwm^Plmi 


hearth furnaces, steel mixers, ami 
other processes requiring a very 
high tenqierature. Bor these latter 
purposes it has been found that 
one part of producer gas mixed with 
from one to two parts of cleaned 
blast furnace gas, gives excellent re- 
sults. 

By suitably arranged crude gas 
mains, the shutting down of the whole 
plant for Hue cleaning can be alto- 
gether avoided. The labour costs of 
boiler cleaning are much reduced, as 


only the water # side becomes dirty, 
whilst those for stove cleaning are 
avoided altogether. 

Not only can the stoves be. run at a 
higher temperature, but the elimina- 
tion of the alkalies contained in the 
dust prevents fusion of the tire brick 
surfaces, and thus increases the life 
of the brickwork from two to four 
times. With lire brick at its present 
price this is an important saving, and 
lias been estimated at more tlutn 
£ l ,000 per annum per furnace. The 


same consideration applies with equal 
force to the boiler settings. 

It should be remarked that this 
considerable advantage is only secured 
when the gas is cleaned to a high state 
of purity, and supplied for combustion 
in a dry state and at constant pressure 
and temperature. These conditions 
are eminently satisfied by the Halberg- 
Beth dry cleaning process. 

9 It has been discovered that by 
making suitable arrangements, the 
bulk of the potash contained in the 
furnace burdens, instead of be- 
ing lost in the slag, can be 
made to leave the furnace as 
Tine (\ust5 in the gas, whence it 
ma^be recovered by installing 
a gas cleaning ‘plant. With 
processes depending on gas 
washing, the large quantities 
of water to be dealt with, and 
the # in soluble matter contained 
therein, make this recovery a 
difficult and expensive propo- 
sition. The Halberg-Beth pro- 
cess removes the dust in a 
|Krfectly dry state, and the 
recovery of the potash be- 
come^ a simple matter. 

t 

•Description of the 
System 

Briefly (^scribed, the Hal- 
berg-Beth system of cleaning 
blast furnace gas is as follows : 

The hot crude gas from the 
furnace dast catcher, after be- 
ing sufficiently cooled in the 
precooler, passes by way of the 
preheater and duet chamber 




to the filter compartment. It is 
drawn through the filter bags and 
suction mains by the main fan, and 
leaves the plant by the delivery main, 
clean and at suitable pressure.* 

The dust retained on the itiside of 
the bags is removed periodically by 
the shaking gear actingtin conjunction 
with a reversed current of hot clean 
gas which is supplied by the counter- 
blast fan and reheater, and controlled 
by a change-over valve operated by 
the shaking mechanism. 

The dust falh? into th£ dust cham- 
ber, whence it is removed continuously 
by a screw conveyor and discharged 
into dust hoppers arranged to be 
emptied into trucks by gravity. 

Gas to be used in gas engines passes 
through a final cooler and dryer, before 
being delivered to the power station. 

The function of the preheater is 
merely to render impossible the 
deposition of moisture on the filter 
bags when wet gas is being dealt with, 
and it may be dispensed with when the 
moisture content of the gas is in- 
variably low. 

Filter units of two standard types 
are made ; a large one of a capacity 
of one million cubic feet of gas per 
hour, and a smaller one the size of 
which can be varied to suit require- 
ments. The latter is adopted when 
the gas cleaning plant is merely an 
auxiliary to a gas engine power 
station of, say, from 1,500 to 7,000 # 
h.p., the larger units being installed 
in the case of larger stations and in 
installations in which, for the sake of 
the economies thereby effected, the 
whole of the output of gas is thor-* 
oughly cleaned. # 

It must be allowed that the* most 
thermally efficient use of blait furnace 
gas for power production is in in^« 
ternal combustion engines, and it is 
only their liability to brAk down 
which has caused preference to be 


The Halbert- Beth System 

given in the past to steam driven 
prime movers. 

There are. however, gas engine 
driven power stations at iron works 
in England which have proved that, 
provided sufficient attention is given 
to th£ gas cleanliness, gas engines can 
be as reliable as steam engines and 
run iornwelve months or more with- 
out overhauling or repair. This result 
has been obtained by installing the 
Halberg - Beth gas cleaning plant, 
which reduces the dust content of the 
gas to .001 grammes per cubic metre 
and Unis obviates all troubles due to 


The General Electric Co. l td 

the deposition of dust on working 
surfaces. 

A new departure in air filters is that 
of Messrs. The Visco Engineering Co. 
Ltd., London, wherein the filtering 
medium consists of a very large 
number of thin coppered steel rinjjs, 
which are kept coated with a special 
oil. The dust, etc., suspended in the 
air, clinging to the oiled surface as 
the air passes through the filter. 

The Visco air filter is made in 
standard sections of about 20 in. by 
20 in. square. Each section consists 
of the frame and the cell. 




• Vised Air Filter Dismsntls^ 


The Vitco Engineer tug Co. Ltd. 


The frame is made of steel with 
welded edges about 3 in. wide. The 
four sides and the louvred back of 
the filter cell itself are stamped out 
of sheet metal in one ojieration. The 
edges are welded and the front (the 
air inlet) is covered with expanded 
metal. Kach cell has two handles, 
and is simply hooked to the outer 
frame. 

The inner space of each cell is 
filled with innumerable short rings of 
very thin copjxTed steel tubing of 
small diameter. These rings are 
covered with " Viscinol,” an oil with 
a very high flash point, non-inflam- 
mable, and nou evapc rating. It is 


unaffected by frost or heat, and 
therefore renders the filter indepen- 
dent of atmospheric influences. Vis- 
cinol has an extraordinary covering 
capacity and adhesion, so that even 
after months of use it still effectively 
catches and retains the impurities. 
Dust of all kinds has a great affinity 
to “ Viscinol." 

The “ Viscinol ” covered rings form 
the filtering medium. They are filled 
into the cell through an opening pro- 
vided in the top, and lie quite irregu- 
larly. They offer a very large surface 
(1 cu. ft. contents equal about 300 
sq. ft) to the air passing through, and 
by their irregular position cause the 


air to be deviated from its course & 
great number of times without offer- . 
ing any undue resistance. 

The resistance rises from about 4 
m/m W t when new to about 8 m/m 
W.G. when at work. Moisture ad- 
heres to the filtering medium. The 
humidity of the air is reduced. 

The filtering efficiency of the Visco 
air filter has been ascertained by 
many practical tests. These have 
shown an efficiency of at least 97%, 
and in man>^ instances a great deal 
more. The Visco air filter requires a 
very email space, and can be fitted 
into almost any position. 


Low Temperature Carbonisation (v) 

By DAVID BROWNLIE 

B.Sc. Hon*. (Loud.), P C.8., A.M.I.MIn.E., Mtm. Am. Soc. M.E., A.I.Mech.E., etc. 

In this , the fifth of our series of articles on Low Temperature Carbonisation , Mr. 

Brownlie deals with the process developed from Mr. Harold Xi el sen’s invention 


T Hlv “ Iy. M. N.“ process is 
owned and controlled by 
Messrs. Bryan Laing, 
F. 1). Marshall, and Ilarald 
Nielsen, of UK) Victoria 
Street, Westminster, London, S.W.I., 
and is based on the original invention 
of Mr. Harald Nielsen, a Danish 
engineer resident in this country. 

The process consists in the use of a 
long slowly revolving slightly inclined 
retort or kiln, somewhat on the lines 
of a cement or ore roasting kiln, in 
which the raw coal is fed in con- 
tinuously at one end, and emerges 
as low temperature fuel at the other. 
The heating is carried out internally 
in the most ingenious manner, using 
the sensible heat only of producer 
gas (or other inert gas), which 
traverses the interior of tfye revolving 
retort in the opposite direction to the 
travel of the coal. The cooled gas, 
after passing out of the retort, is then 
available for burning or for use in 
gas engines in the ordinary way, 
and has also been enriched by the 
valuable gas given off by yie car- 
bonisation of the coal. Thus the 
temperature of the gas from a hot 


producer plant is about 15(12 dej?.- 
1742 deg. 1\ (850-950 deg. C.), from 
a semi-cold plant 1202 1502 deg. F. 
(650-850 deg. C.), and in the case of 
a cold plant with by-product recovery 
1022 deg.- 1 202 deg. F. (550-650 deg. 
C.) , so that a fair average figure for 
the temperature of producer gas can 
be taken as 1382 deg. F. (750 (leg. C). 
When producer gas is reduced in tem- 
perature by external cooling tg re- 
cover the by-products, chiefly sulphate 
of ammonia, there if a very serious loss 
in efficiency, the sensible heat thrown 
away in the cooling medium being 
equivalent to 14-18 per cent, of the 
original heat in the coal. The 
“ Nielsen ” process is therefore 
essentially a combination of at pro-, 
duecr plant and a low temperature 
retort, so that the sensible heat of 
the producer gas, instead of being 
wasted, is used in carbonising the 
coal. ^ 

Another point raised by Mr. Nielsen 
when designing his retort was that of 
the speed of carbonisation, and his 
contention is that, with proper 
methods, practically all the car- 
bonisation is completed in the first 


three hour. , and there is no practical 
object to be gained in prolonging 
the time. * 

• A very interesting series of 
curves given by Mr. Nielsen, shows 
the aifiount* of methane, hydrogen, 
heavy hydrocarbons, and carbon mon- 
r^xidc given off d lying’ the first four 
hours of low temperature carboni- 
sation at *1110 deg. F. (593 deg. C.) 
The bulk of the most valuable of the 
volatile constituents (carbon mon- 
oxide, methane, and heavy hydrocar- 
bons) are given off during the first two 

• hours, the yield gradually falling as 
the time extends, whilst the hydrogen 
yield on the other hand increases. 
The hydrogen curve cuts the carbon 
monoxide curve*after about 2i hours, 
and the period of carbonisation of 
24 hours ig the “ Nielsen ” process is 
based on this fact. That is to say, 

* the bulk of the valuable products 
have come off by*this time and there 
is no commercial advantage in carry- 
ing the carbonisation further. 

The gas falls off in specific gravity 
very fast between the prst and third 
hour of carbonisation, because of the 
hyrdogen increase* and „the heating 
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value of the gas diminishes piactically 
to the same extent as the specific 
gravity. 

Mr. Nielsen also contends that the 
internally heated retort is Superior 
to the externally heated t£pe, and 
that the yield of gaseous and volatile 
products rites much more quickly to 
a maximum, and falls' more abruptly 
in the internally# heated as compared 
with externally heated, 75/80 per cent, 
of the total yield of low temperature 
gas is given of! during the lirst 2$ 
hours, with internally heated retorts, 
whereas with external heating the 
figure is 70-75 per cent. Aifother 
advantage claimed for internal heat- 
ing is the great increase in the effici- 
ency of the process. Thus, from a 
theoretical point of view, the amount 
of coal Required for carbonisation at 
low temperatures is not more than say 
2} per cent-2| per cent, of the total 
weight, with coal of say 3-4 per cent, 
moisture content. In practice 10/15 
per cent, of the coal is used in the case 
of the ordinary externally heated 
retorts, even with the most modern 
arrangement of preheating and re- 
generation, whereas in the “ Nielsen ” 


proqps, because of the intimate 
contact between the coal and the 
heating gases, Jhe figure is claimed 
to be only 0-8 pe r cent, of the weight 
of the coal, less than half the ordinary 
figure. 

Another point is the had heat 
conductivity of coal, so that in the 
case ot the ordinary stationary re 
torts it is only possible to carbonise 
the coal in thin layers not over 3 4 in. 
thick, whilst the time of carbonisation 
must be 0-8 hours to complete the 
process right to the centre of the coal. 
Mr* Nielsen is of the opinion that 
even under these circumstances the 
carbonisation is unequal. Thus he 
states a layer only 3 in. thick, gives a 
low temperature fuel varying from 
HU per cent, volatile matter on one 
side of the layer to 13J per cent, on 
the other, and the only way to get 
quick and even carbonisation under 
these circumstances would be to use 
layers of coal not over lj-2ins. 
thick, which is not, of course, a 
practical proposition because of the 
small output. 

It is claimed that the “ Nielsen ” 
continuous rotary retort gets over 


all these difficulties. The time of ^ 
carbonisation is only about hours, 
and 6 8 per cent, of the coal is used 
in the heating, the process is con- 
tinuous, the labour and attendance is 
reduced to a minimum, the radiation 
losses from the plant are extremely 
small, the amount of coal handled is 
very large, and can tie several hundred 
tons of coal per retort per 24 houfi, 
the coal is in continual motion as it 
is continuously carbonised in 
gradually increasing zones of tem- 
perature, and by this means the bad 
heat conductivity of the coal is 
overcome to such an extent that 
pieces of coal up tfl 3 in. cube are 
thoroughly and uniformly carbonised, 
so that the volatile content does not 
vary 1 per cent, in any portion of the 
small lumps of residual low tempera- 
ture fuel. 

An experimental plant has been 
running for a number of years at the 
Chattel lcy-Whit field Collieries, near 
Stoke on-Trcnt, but a better idea of 
the “ Nielsen ” plant will be obtained 
by giving a description of a very 
large retort with a capacity of 100 
tons of coal per 24 hours that is now 
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being erected in India, for Messrs. 
The Carbon Unwinds Co., the general 
« let ails of which arc shown in the 
two illust rations. 


Rotary Retort 

The long inclined rotary retort i 

r |) leet long, varying from 7 ft. to 1) ft. 
Minder, the l.uger end being at the 
lowest or discharge point. Raw coal, 
broken to the size already mentioned, 
and washed it thought necessary, is 
fed in fiom an overhead coal blinker, 
and the hot gas from the produeer, 
averaging 1382 deg. I- (750 deg. C.), 
hut, as previously pointed out, vary 
ing in temperature according to the 
method of product ion, enters tin? re- 
tort at the lower end oil the contra- 
flow principle, and travels through in 
the reverse direction to the travel of 
the coal. The gas then emerges at 
about IMS 482 deg. R (120 250 deg. 
C.), from the upper end of the retort, 
and passes through an ordinary by 
product recovery plant consisting of a 
cyclone dust extractor, which removes 
the dust , and then through condensers, 
which separate the tar oils, whilst the 
gas, alter extraction of the light oils, 
passes on to a gasometer, which acts 
as a pressure equaliser tor gas fired 
boilers. The retort rests on a series of 
supporting rollers and runner bands, 
and is driven by means of a small 
engine, by means of gear wheels 
through a spur ring surrounding the 
retoit, the si>eed of revolution of the 
retort being about 10 revolutions per 
hour, and the horse power required 
about 10. Kmlwise motion of the re- 
tort is prevented by thrust rollers 
working against the side of the runner 
hand. Near the larger end the retort 
is surrounded by an annular belt, 14 ft. 
in diameter, for the purpose of dis- 
charging the residual low temperature 
fuel in an inert atmosphere through 
hand-operated sliding doors. 

The interior of the retort is lined 
with a Din. firebrick, and a ^ in. 
insulating brick, and the outer steel 
shell is insulated, so that the outside 
temperature will be onlv about 
104 deg. R (40 deg. C.) At the 
entrance of the retort there is a fixed 
cylindrical portion, 3 ft. 0 in. diameter 
which carries both the raw coal 
feeding mechanism and the gas outlet 
pipe. This stationary cylinder enters 
the revolving cylinder (the retort 
proper), and a gas-tight joint is 
assured by means of cast iron rings 
working metal to metal only, and it is 
claimed that the arran mient gives 
P a gas-tight joint at lr- ^peratures 
in spite of the large d* fMer. 


The coal “falls from the overhead 
hopper into a mechanical measuring 
device, and is disoliarged at any 
required rate into a trough. In the 
centre of this trough is a screw 
conveyor driven by the same gearing 
that drives the measuring device. 
The trough is nearly 10 ft. long and 
the coal is called to travel in it by 
means of the usual worm paddles. 
The coal then discharges continuously 
into the revolving retort, and travels 
the entire length by gravity and by 
the revolving motion, the total time 
of carbonisation being about 4 
hours The producer used is spec 
ially designed to work in conjunction 
with rotary rebuts on the most 
modern principles, with rotating ash 
pan, the internal diameter being 
10 ft. The labour required for the 
whole retoit installation is very 
small, being one skilled chemist or 
engineer, one mechanic and one 
labourer, and it is claimed that little 
more would be necessary for a 200 
ton a (1 iv retort. The thermal 
efficiency of the whole process is very 
high, being over DO per cent. 


Reactions in Retort 

The reactions that go on in the 
coal as it traverses the retort at a 
gradually increasing temperature are 
a matter of opinion. According to 
Bomsteiii, and Mr. Nielsen appears 
in general to agree with his views, the 
reactions are at 212 230 deg. K. (100 
110 deg. C). the separation of 4 * free 
water and occluded gases, #30- 
3D2 deg. V. (110 200 deg. C.J, com- 
mencement of driving off combined 
water, 302-482 deg. R (200 - 250 deg. 
C.), first appearance of oil vapours, 
482-572 deg. R (250-300 deg. C.), 
most of combined water expelled, 
017 752 deg. R (325-400 deg*C\), 
distillation commences, 062 752 deg. 
R (360-400 deg. £), first trace of 
combustible gas evolved, and at 
707-788 deg. R (373-420 deg. £). 
rapid evolution of gas. The organic 
sulphur compounds begin to decom- 
pose at 530 572 deg. F. (280-300 deg. 
C. • < 


Flexibility of Plant 

Another advantage claimed for the 
“ Nielsen ” proeesris its great flexi- 
bility. Thus, in the neighbourhood of 
a large town where there is a market 
for all the products, the plant can be 
run to produce solid low' temperature 
fuel for sale as a smokeless household 
fuel, together with the oils and 


sulphate of ammonia, whilst the gas 
can be used in the existing household 
gas mains if water gas is used for 
carbonising. Also, in a gas works, 
ordinal^ producer gas for heating can 
be replaced by superheated water gas 
from regenerators, heated by burning 
a part of the^low gases, since, as 
already stated, any inert gas (that 
is free from oxygen) tail be used. 

Surplus Gas 

li there is no market for the gas, 
then producer gas is not used con- 
tinuously. The plant is started up 
with producer gas and after the first 
2 hours’ run the producer gas is 
burnt in reheaters, and the stripped 
gas from the tail end of thejdant is 
then passed through the reheaters 
in counter current to the burnt 
producer gas, and superheated up to 
the necessary temperature, and then 
passed through the retort for car- 
bonising the coal. There is in this 
way a surplus of gas being generated 
continually, and this can be burnt 
under boilers to raise steam for the 
producers and other purposes. Also 
the residual low temperature fuel 
can be completely gasified in pro- 
ducers and the gas used either for 
power generation in gas engines, or 
for heating, as in the iron and steel 
industry. 

Taking the method of working 
involving the production of solid 
smokeless fuel, the yield obtained 
from 1 ton of coal is given in detail 
4 -is follows In these figures a given 
average quality of bituminous slack 
is taken of hCating value of 11,400 
B.Th.U. per lb., and an ordinary 
^technical analysis figures of water 
i?.80 per cent., volatile matter 31.10 
per cent, fixed carbon 53.70 per cent., 
and ash 12.40 per cent. The figures 
for the ultimate analysis are carbon 
08.00 per 'cent., hydrogen 4.00 per 
cent., oxygen D.70 per cent., nitrogen 
1.30 per cent., sulphur 1.80 per cent., 
ash 12.40 per cent., and water 2.80 
per cent. The average yield from 
l ton of this coal is : — 

(1) 44,000 cubic feet of gas (230 
• B.TH.U. per cubic foot.) 

(2) 20 gallons of oil. 

(3) 1^20 lbs. sulphate of 

ammonia. 

(4) 14$ cwt. •residual low tem- 

perature fuel. 

The gas produced is, of course, a 
mixture of the rich gas from the 
carbonisation of the coal, and the 
unaltered producer gits which has 
merely been reduced in temperature 
during carbonisation. Tile amount of 



Klrvution of <»us Producer and Neihen Krtort 

the rich gas is 4,900 cubic Icct. with 
a calorific value of say 735 B.Th.U. 
]>er cubic foot, and the composition is 
methane HI .0 per cent., hydrogen 17.3 
j>er cent., ethylene 8.0 per cent., 
carbon dioxide 3.8 per cent., carbon 
monoxide 4.5 per cent., oxygen 1.0 
per cent., and nitrogen 3.8 per cent. 

As already stated, the yield of low 
temperature fuel per ton is 14 J cwt. 
(0.735 tons), and if this fuel is used 
in the producer the amount required 
is 0.31 tons. This gives a total 
amount of .30,000 cubic feet of pro* 
ducer gas ol 140 B.Th.U. per cubic- 
foot, and leaves 0.425 tons of low 
tenfperature fuel for sale. Of course, 
any fuel can be used in the produce* 
if there is a good market tor the low 
temperature fuel. * m * 

The final gas mixture 4s therefore 
44,000 cubic feet per ton, 230 B.Th.t* 
per cubic foot, with a composition oi 
carbon monoxide 24.51*per cent., 
methane 5.45 per cent., hydrogen 13.68 
per cent., ethylene 0.38* per cent., 
carbon dioxide 5.89 per cent., oxygen 
0.42 per cent., and nitrogen 49.67 
per cent. The 20 gallons of oil pro-* 
duced per ton of coal has a specific 
gravity of 1 .076 at 59 deg. 1\ ( 1 5 deg. 
C.), as follows : - . 


Light oils up to 
350 (leg. 1\ (180 


• 

deg. 0.) 

Medium oils from 
350-440 (leg. 1*. 

4.75% 

sr».o so, 

(180-230 deg. (.'.)• 
Heavy medium oils 
from 440-518 deg. 
F. (230-270 deg. 

20.00% 

SH.0.87. 

C.) 

Heavy oils from 
518-008 ileg.F. 

14.50% 

S( f.0.07 

(270-320 deg.C.) 

24.00% 

SH.I.OI 

Pitch # 

35.00% 


Loss 

175% 

• 


The cmde oil can ot course also be 
used as a fuel oil, and has a heating 
value of 16,000 B.Th.U. The oil is 
rich ill cressols for wood preservations, 
and the above tractions contain the 
equivalent of 20 per cent, ol the total 
volume of the oils (4 gallons per ton 
of coal), of cressols (soluble in petrols). 
The free carbon content of the pitch 
is 0 4J per cent. 

The yield of ammonium sulphate is 
15 20 lbs. per ton. but if the producer 
gas is generated in conjunction with a 
by-product recovery plant, the total 
field is 28 30 lbs. 

The low temperature tucl is in the 
fori^i of small lumps, accoiding to the 
coking qualities ol the coal used, and 
coiftains 10 12 per cent, volatile 
matter, being smokeless and entirely 
free burning. The technical analysis 
of the products resulting from the 
above raw coal shows 70.70 per cent, 
fixed carbon, 1 1.50 per cent, volatile 
master, 15.90 per cent. ash. and 1.90 
per cent, moisture, with a heating 
value of 1 1 ,500 B.Tli.U. per lb., with 
most coals the heating value being 
slightly higher than the original 
raw coal. 

The balance sheet of the process is 
given as follows, taking the value of 
the .residual smokeless fuel as only 
equal to that of raw coal. 

Cost oi ; Production (I ton of coal.) 


A l ton <4 coal carbonised / s. d. » 

20s pur ton ... ... I 0 0 

0 3 1 3 tons of coal used in 

producer ... . 0 0 4 

II. Labour ... ... ■ • 0 1 

Power 0 0 <1 

Cleaning of gas. water 

supply, etc. ... ... 0 0 0 

Maintenance, repairs and 

depreciation 0 2 0 

Total ... I 11 1 


Y.xi.rii • »l Pl« >ni t TS (I tun of co,d.) 
Smokeless fuel (14 U cwt i 

at 20s. per ton ... ... 0 1 0 

Puel oil, 20 gallons, s.iv 

O lid per gallon ... 0 5 0 

Sulphate of ammonia . . 0 l 0 

Power produced from the 
gas. (350 K.W hours 
at selling price ol 1.0 
peine per unit, equals a 
profit of 0.75 pence pel 
unit) ... ... ... I 0 

Total ... 2 2 IJ 

This shows a profit ol (0 11s, OJd. 
pet ton ((,2 2s. I Jd. / I 11s. Id.) 
Tlu* smokeless fuel is also very suitable 
for briquettes, and tlu* cost of bri- 
quetting, including the binder, would 
bo 5s. to 6s. per ton, so that it the* 
briquettes were sold at 29s. per toil 
the profit on the process would then 
be 5s. to 6s. per ton. 

As already stated the “ Nielsen " 
process can be very conveniently 
used for complete gasification of the 
eoal, but with the reeovety of all 
the valuable liquid products resulting 
from low temperature carbonisation. 

If the total gasification is carried out 
in the improved type of producer 
plant, the gas produced has a heating 
value of 152.5 B.Th.U. nett per cubic 
foot with a composition of carbon 
monoxide 25.50 per cent., hydrogen 
13.50 per cent., methane 2.60 per cent, 
carbon dioxide 6.00 per cent., oxygen 
0.40 per cent., and nitrogen 52.0 per 
cent, being 42. 00 per cent, com 
bustibles. The amount of the pro- 
ducer gas made is 134,400 cubic 
feet per ton of low temperature fuel 
Finally the “ Nielsen " retort is 
particularly applicable to the car- 
bonisation of shale, and the following 
results obtained at Chattel ley, with a # 
typical Norfolk shale *viu be of 
% 
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interest. The analysis of the shale 
was water 33 per cent , volatile matter 
28 j>cr cent., fixer! carbon 1) per cent., 
and ash 30 per cent. It was broken 
up in pieces about 4 . r > inches square, 
and I inch thick, and led into the 
retort at the rate of 4 cwt. ]>er hour, 
along with a shovelful of lime. The 
sjK't'd of the retort was maintained at 
15- 17 revolutions per hour, depending 
oil the temperature of the producer 
gas, and the power required was 4 h.p., 
whilst the pressure maintained in the 
retort was I j in. W.G. The tem- 
JK- rat ure ol the producer gas entering 
the retort was mostly about 1202 deg. 
R (050 (leg. C.), and this: is indicated 
by the dull red colour of the inlet 
tuyere, whilst the corresponding out- 
let temeprature was 410 deg. R 
(210 deg. C.). The actual tempera- 
ture of carbonisation can of course 
be varied at will, which is one of the 
great advantages of the "Nielsen" 
retort. Thus at 1202 deg. 1\ (050 deg. 
C.), entering temperature, the spent 
shale contained only 2J per cent. 


volatile matter, but at ay 932 de&.R 
(500 deg. C.), corresponding to an 
exit temjx rature of 284-350 deg. R 
(140 180 deg. C), the volatile content 
of the residue was 10 per cent. It is 
found as a result of exhaustive ex- 
periments with the “ Nielsen " retort 
at varying temperatures that it is on 
the whole bettei to keep down the 
temperatuie oi shale carbonisation to 
about 932 deg. R (500 deg. C.) , and 
waste K per cent, of the volatile 
matter in the spent residue. At the 
higher temperature a large amount of 
objectionable sulphur products is 
given off, which is not the case at 
lower temperatures, and each variety 
of shale must be carbonised at the 
most suitable temperature, which can 
easily be found by experiment in the 
" Nielsen ” retort. 

The gas evolved, as before, a 
mixture of unburnt and cooled pro- 
ducer gas, together with the gas 
evolved from the shale, is about 
30,000 cubic feet per ton at 200 
B.Th.U. per cubic foot, the gas 


evolved from the shale alone being 
2,500 3,000 cubic feet per ton. The 
mixed gas is cooled in the condensing 
plant tc 08-71.6 deg. R (20-22 deg. 
C.) , so as "to deposit all the oil product 
in a liquid form. 

The fuel used in the producer as, 
coke or coal, is about 23 per cent, of 
the weight of the sjiale carbonised, 
but since the producer gas is merely 
used as an inert heating agent and is 
ready for burning as usual after the 
carbonisation? the re*al amount of 
fuel used in actually carbonisiug the 
shale is only about 8 per cent. The 
spent shale still contains about 22-25 
per cent, of combustible matter, 
which can be used in gas producers 
for the production of a further amount 
of producer gas. The yield f>f shale 
oil is about 24 gallons per ton of 
water free shale, corresponding to 
0.80 gallons per ton per 1 per cent, of 
volatile matter in the raw shale. The 
oil was of high quality with a S.G. 
of 0.947. 


Improving Traffic 


Working Methods on Indian Railways 


It is an open secret that for a 
considerable time the Great Indian 
Peninsula Railway Company has not 
been at all satisfied with the methods 
of traffic working on that important 
line— and, in fact, as we have 
chronicled in another note, the 
“ operating ratio M has grown to such 
an alarming extent as to prove the 
urgent necessity for some drastic 
change in the prevailing methods. 
The railway company has been seized 
with the importance of taking im- 
mediate steps to remedy matters, and 
following a detailed investigation into 
every phase of the question, the 
General Traffic Manager has sub- 
mitted a voluminous report which, 
inter alia, advocates the formation of 
a new Transportation Department to 
unite the “ operating functions of 
the traffic and locomotive depart- 


ments.” The question has been 
considered from the broadest point of 
view, and the General Traffic Manager, 
accompanied by the Locomotive 
Superintendent, visited Great Britain 
in order to ascertain the practice 
there and obtain pointers for the*. de- 
velopment of their own organisation. 

The result is as stated, and from 
what the Chairman of the Company, 
Sir Charles Armstrong, said at the 
last meeting of the Company in 
1/mdon, the project is under the 
consideration of the Government. 
There can be little doubt that the 
new department will be sanctioned, 
as it will certainly expedite and 
greatly improve the working of 
traffic and if there is one thing that 
is wanted in India, it is some im- 
provement in traffic workiug con- 
ditions. Sir Charles Armstrong aftded 4 


that the new department would 
.obviate friction in many other direc- 
tions, and although at first it would 
add slightly to the permanent charges 
the additional cost would be more 
than justified, for traffic wouhf be 
Expedited and a better use be made of 
rolling stock. ,'JL'he result generally, 
he felt assured, would be more econ- 
omical wooing, and he was confident 
that Indian trade would reap many 
benefits from the new departure. 

Sir Chartcs is not over-stating the 
case in making such claims for the 
new department. Wherever railway 
working, qua working, has been 
given into the charge of one depart- 
* ment, as it has been on most American 
lines, in Africa and on some British 
Railways, considerable improvement 
has been effected in the general 


Wireless Underground 


Although Wireless Telegraphy has 
been used so largely on the surface 
and in the air, very little has hitherto 
v been doqe to utilise it as a means of 
communication underground. The 


possibilities in this direction are illus- 
trated in a very interesing fashion by 
expel iments recently made in a British 
coal mine. An aerial was set up in an 
underground region a quarter of a 


mile distant in every direction from 
the open. With quite a small appar- 
atus signals were heard ftom a number 
of high power transmitting stations, 
including the large statiod near Berlin. 
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IJiseased* Brickwork 

By A. B. SKARLE 

(Technical- Advisor on (lavs and ('lav Products.) 


D OES brickwork suffer from 
disease in a similar manner 
to human beings ? It is 
certainly corroded by a 
canker, which has nfanv of 
the symptons of a germ-disease, and 
much brickwork- --especially in India 
— is also subject to a skin disease,” 
which is equally as disfiguring as 
those ot human beings. 

In some cases the defect is confined 
wholly to the surface of the brick- 
work ; in others it has an internal 
origin, but in an outward disfigure- 
ment, and in still other cases, it is 
due to a combination of internal and 
external forces. When the brick- 
work is covered with plaster, that 
may also succumb to the same defect , 
with most unpleasant consequences 
to all concerned. 

What is even more remarkable is 
the fact that walls which have 
retained their good appearance for 
years will suddenly develop a series of 
discoloured patches without then? 
being any obvious reason for their 
doing so. Most builders of long 
standing are well aware of these 
recurrent attacks of discoloration, bqf 
few of them have ever been able to 
ascertain the cause oi*tc^fmd the cure. 

Brickwork Canlcer %% 

The canker which destroys so many 
bricks in India shows itself chiefly as 
a gradual rotting away of the material. 
Small— or sometimes large;-— pieces of 
brickwork become loose, and fall off 
in flakes. Even parts of a wall which 
appear to be perfectly sound will# 
break off at the lightest touch of a 
hammer, thereby showing that it is 
only a question of chance as to how 
long they remained in position. , 

In many instances the briel** used 
appeared to be good and ^rong when 
the brickwork was erected, yet after 
a time it is not difficult to pick off • 
pieces 2 in. square.* 

The defect is always at its worst 
a month or more after the end of the 
monsoon, i.e after the bricks have 
been thoroughly wetted and then 
dried. In the dry weather which 
then folloys, no further rotting 
appears. % * 


No single cause will account for 
all the cases of wall canker which 
have been observed, but most of 
them are due to one of two causes, or 
even to both acting simultaneously : 

(1) Weak, under burned or ira* 
gularly burned bricks are obviously 
liable to give way under the great 
variations in temperatures to which 
their surfaces are subjected. This 
is, however, a very unusual cause of 
trouble, as bricks must be ol 
extremely poor, quality for them t<> 
spall rapidly from this cause. The 



Bricks shewing Wall White 

re«ncdy in this case is, clearly , to 
use sound, well-burned bricks, which 
" ring ” well when struck together. 

(2) Ear more serious as a cause 
of the destruction of brickwork is 
the use of a mortar made of a very 
fat or rich lime, with too small a 
proportion of sand. As lime is 
dearer and more plastic than sand, 
many builders consider that they 
are doing the right thing in using 
such a mortar, especially as it is 
smoother and more pleasant to use. 


Vet such a practice is quite wrong, 
for a mortar of the composition and 
nature just mentioned will never 
harden properly. It may form a 
hard film on the surface, but all the 
. mortar behind this film forming 
about hff per cent, of the whole- - 
will remain in its original state, 
except that if the weather is 
favourable it will gradually dry. 
At any time, if the outer film is 
removed, the remaining mortar 
may be scratched with the finger 
nail. 

The lime in such a condition is 
readily soluble in the water which 
penetrates from outside the wall into 
the pores, and the solution which is 
then formed in the interior of the 
bricks endeavours to pass outward 
mote rapidly than the pure water can 
pass inward, and, as a result, osmotic 
pressure is set up, and may be so 
intense that the walls of the pores 
are burst, flakes of bricks are loosened, 
and may fall off at any time. 

The Prevention of Canker 

The only means of preventing the 
development of this canker, which 
can. otherwise, continue indefinitely, 
is to arrange that the mortar shall be 
suitable for the climatic and other 
conditions to which the brickwork is 
exposed. 

In ordinary buildings, the use of 
very fat lime should be avoided, or if 
it must be used (as when no other is 
available) it should be made lean by 
the addition of brick— -or tile— dust, 
from which the coarser particles have 
been sifted. This material is well- 
known in the Hast, and was regularly 
used by the ancient builders, as may 
readily be ascertained by examination 
of the mortar in some of the oldest 
buildings ii^ existence. 

The early Romans found a material 
—trass of volcanic origin which is 
peculiarly suitable for the purpose, 
and they used it extensively. When 
compelled to find a substitute, they 
employed fine brick— or tile — dust, 
with almost equally satisfactory re- 
sults. 

The proportion required •depends 
largely on the fatness of the lime, blit 
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with a good fat lime, 3 measures of 
trass or dust should lx* used to each 2 
measures of lime When tin* firm- 
is made info putty, 3 measures of 
trass or dust to eac h measure of limi- 
putty is desirable. 

The proportion of sand should also 
he kept fairly high, unless the brick 
wfirk is continually under water. 
For ordinary buildings and dry 
foundations, a suitable mortar will 
consist of 2 measures of dry lime, 3 
measures of trass or brick dust, and 
H-IO measures of sand. If the 
buildings are to be subjected to 
water at regular intervals, such as 
damp-proof course", liver walls, etc., 
only iV(> measures of sand should be 
employed, whilst, for tanks tilled with 
water, or lor brickwork always under 
water, it will be better to use only I 
measures of sand. 

The use ot an insufficient <|uantitv 
of sand, or of too much lime, does not 
improve tin* mortar, as is often 
supposed ; on the* contrary, it is one 
of the commonest causes of wall 
canker. 

Lime can only harden by exposure 
to air, and fat lime is so dense that 
air cannot penet rate it. Consequently, 
a mass of lime-putty will remain soft 
for years. The addition of sand 
makes the lime porous, and so 
enables the air to penetrate it, 
thereby causing it to harden and 
produce a strong mortal. 

There is, of course, a limit to the 
proportion of sand which can he used, 
but the figures mentioned above are 
quite conservative. To use less sand 
than is recommended would incur a 
risk of wall catikec 

Wall White 

Another objectionable form of dis- 
coloration on brickwork is known as 
wall while. This forms a series of 
white patches, sometimes stained by 
adventitious materials, on the surface 
of the bricks. The interior, on the 
contrary, may be perfectly uniform 
in colour. Sometimes this “ scum ” 
or " ellloresccncc “ appears very soon 
after the wall has been erected ; at 
other times months or even years 
may elapse before it is noticeable. 

The chief causes of this defect are : • 
(a) Soluble salts in the bricks. 

(fr) Soluble salts derived from the 
ground. 

(r) A condensation product on the 
bricks when they left the 
brickyard. « 

(d) Soluble lime from the mortar. 

In each case, the white material 
may be seen under a microscope to 


consist of minute crystals, which, 
when scraped card ally oil the brick, 
are (with the i>os>ibk* exception ot 
that referred to in section “ C ”) 
readily and completely soluble ill 
water. They are often known as 
" nitre," but have no connection 
whatever with the substance generally 
known by that name. 

A more detailed examination will 
show that the chief constituent of the 

discoloured portions is a mixture of 
sodium, potassium, calcium and 
magnesium sulphates, the proportions 
of each varying within extraordinarily 
wide limits These sulphates are all 
soluble iu water, though the calcium 
sulphate is the least soluble, and all 
of them crystallise readily when the 
conditions are favourable. 


Discolouring Salts 

Such salts may enter the brick iu 
various way- ; they may occur iu the 
clay or other material of which the 
bricks are made, or in the water used 
to moisten the clay. They are 
particularly present in ashes which 
are sometimes used to reduce the 
plasticity of the clay ; indeed, this is 
much more often a means of introduc- 
tion than their presence iu the clav 
itself. Sea sand if a linn is so foolish 
as to mix it with the brick earth, or 
use it in mortar will also introduce 
soluble salts and will often, though 
not always, produce white patches on 
the bricks. • 

The discoloration due to soluble 
salts in the bricks cannot be refnoved 
satisfactorily, though by repeated 
scrubbing much of it may be taken 
away. Sometimes a little acid in the 
water used for cleaning the bricks is 
an advantage. The brick manufac- 
turer may prevent the scum by Con- 
verting the salts into insoluble ones 
by the addition of a suitable chemical. 
Many have been tried, but, so far, 
there is nothing superior, in this 
respect, to precipitated barium car- 
bonate or to barium hydrate. The 
former is a little less risky to use, as 
the latter in excess may inefease • 
the defect, as it is, in itself, soluble 
in water. The amount of barium 
carbonate or hydrate must usually be 
ascertained by means of* a suitable 
test. This quantity is mixed with 
sufficient water to form a cream or 
“ solution," which is then thoroughly 
mixed with the clay before the latter 
is made into bricks, etc. The soluble 
sulphate is then converted into an 
insoluble one, and the latter is unable 
to reach the surface, and so spoil the 


bricks. No means has yet been found 
to prevent soluble chlorides from 
forming a scum oil bricks. 

Scurrf Due to Bad Storage 

W hen bricks are stacked on ashes 
they will, in wel weather, produce a 
white scum. The rain-water dissolves 
some of the salts in the ashes, which 
rise in solution into the bricks and 
then flow to the most rapidly drying 
surface. As tyc water # evaporates, it 
leaves the salts on the surface of the 
bricks in the form of patches of 
white icuni. 

The only means of preventing this 
form of wall white is to avoid stacking 
or building the bricks on ashes. 

If a wall is built on a damp founda- 
tion, or if liquids are allowecf access 
to the lower part of the brickwork, the 
white disfigurement will be produced 
in the same manner as from ashes. 
Stable manure, when allowed to be 
against a brick wall, will have the 
same effect and for the same reason. 

Kiln White 

Some bricks have the discolouring 
white patches when they leave the 
brickyard. These may be “ kiln 
white," which is formed by the 
action of kiln gases condensing on the 
bricks during the burning process, 
particularly in continuous kilns. All 
coal contains a small proportion of 
sulphur, which gradually forms sul- 
phuric acid and travels along in the 
kiln gases. As soon as these gases 
Become cooled by contact with damp, 
freshly -set bribes, the steam and 
sulphuric ncM in them condense on 
the bricks.® The acid combines with 
rtfiy lime, magnesia, soda or potash 
compounds in the bricks, forming the 
corre. ponding sulphates, which 
gradually form a white or grey 
deposit on* the surface. The deposit 
may be coloured if other compounds 
are present and form coloured soluble 
•salts, or if soot or smoke is deposited 
on the bricks and is not, afterwards, 
fully burned off. 

This fornj of discoloration may be 
prevented in two ways : • either the 
bricks* may be heated with air free 
from sulphuric acid until they are at 
too high a temperature foi any 
’ condensation to pccur on them, or 
the last stage of the tiring may be 
effected with a reducing atmosphere, 
which converts the sulphates into 
sulphides and so destroys the greater 
part of the deposit. Unfortunately, 
the reducing atmosphere may spoil 
the. colour of the bricks, and no 
finaj oxidizing atmosphere which is 
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applicable may be sufficiently ]xnver- 
ful to restore the desired colour. The 
reducing atmosphere can be created 
in continuous kilns with • definite 
chambers, each partitioned *from the 
others, but with an “ open " con- 
tinuous kiln, such a* those used in 
India, it is much more difficult to do 
so, and, indeed, is scarcely practicable. 
Consequently, it is better to prevent 
condensation by heating the bricks 
with pure hot air before taking them 
into the " round of the kiln." This is 
known as " water-smoking " in dis- 
tinction from preheating witfi kiln 
gases. 

Lime White 

Occasionally the white patches on 
a wall are composed solely of lime. 
This is derived from the mortar, part 
of which is dissolved by water pene- 
trating the joints and then brought 
to the surface of the bricks. The 
lime is then left behind a<, a residue 
in patches which may be some 
distance from their source. The 
cause is essentially the same as that 
mentioned in connection with ashes, 
but originates in mortar which has 
not hardened. It can be prevented 
by the use of trass or brick-dust, as 
previously described. 

« 

Yellow and Green 

Discoloration 

Yellow and green discolorations are 
usually due to vanadium salts, ai;d 
are comparatively rare, for tliougfl 
the salts are present in jninutc 
proportions in many flays there is 
seldom sufficient to cause ;? noticeable 


patch of colour. This form of dis- 
coloration is difficult to avoid, though 
if the bricks are heated in a reducing 
atmosphere the discoloration may be 
destroyed. 

Removal of Wall White 

The removal of {he discoloration 
is best effected by -clubbing with 
plenty of hot water. A little hydro- 
chloric acid is sometimes added, but is 
of doubtful value. The use of an 
alkaline soap dissolved in about a 
hundred times its weight of hot 
water has proved successful in some 
instances. Many mixtures have been 
proposed as suitable for removing 
“ wall white," and similar efflor- 
escences and some of these mixtures 
have been patented. Most of them 
are little or no better than soapy 
water, but molasses or a dilute solu- 
tion of sugar have been mote highly 
recommended. 

if the white is limited in amount, 
one or two cleaning treatments may 
remove it though always at the risk 
ot spoiling the true surfaee of the 
bricks and rendering it less durable. 
If fat lime in the mortar is the cause 
of the discoloration, there is no means 
of removing it, as it will continue t<> 
form so long as any soft lime remains 
in the mortar. The same applies to a 
foundation impregnated with soluble 
s^lts, and to any solutions having 
frequent or prolonged access to the 
lower part of the brickwork. 

Occasionally, the interposition of a 
darapjjroof course will prevent the 
formation of wall white by providing 
an impervious layer, through which 
the salt solutions cannot penetrate. 


This remedy only applies when the 
defect is due to damp foundations. 

Finally, when the discoloration is 
very objectionable and no other 
means of overcoming it is available, 
the use of tar, paint, whitewash and 
stucco may be considered. Tar will 
make the wall uniformly black, which 
is very objectionable in a hot climuft*, 
as it absorbs the heat lays from the 
sun. i'aint is costly, requires frequent 
renewal, and does not always adhere 
well. Whitewash is excellent for 
many purposes, but its appearance is 
not always appreciated. Stucco or 
" rough cast " is anVxtcrnal coating 
made of Portland cement and sand, 
which alters the whole appearance of 
the structure. It is liable to suffer 
from similar defects to the brickwork, 
as unless it is made quite water- 
proof the salts may rise to the surface 
of the newly applied material. 

Satisfactory cures being almost 
unknown, attention should be con- 
centrated on preventive measures, 
the chief of which are : 

(1) A good damp-proof course, 
2 ft. above ground-level, which will 
coniine most of the discoloration to 
within 2 ft. of the ground. 

(2) Avoidance of solutions or of 
wet saline soil in contact with any 
part of the brickwork. 

(3) The avoidance of too fat a 
lime in the mortar, unless this is 
neutralised by a suitable agent such 
as trass or brick dust. 

(4) Careful selection of the bricks 
to ensure that they arc well -burned, 
followed by sufficient supervision to 
prevent their being stacked on ashes 
or other material likely to damage 
them. 


§ 

THE ADVANTAGE OF AERIAL ROPEWAYS 


In view t>f the series of articles on 
*' Aerial Ropeways," that ha§ been 
published in these columns, it is 
worthy of record that, at a recent 
meeting of the Punjab Engineering 
Congress Capt. an3 Bt. Major E. H. 
Budden, M.C., # R.E., contributed a 
most interesting paper on this subject. 
The author considered the question 
on a very comprehensive basis, and it 
is instructive to note that, generally, 
his final conclusions agreed with 
those of our Transport contributor. 


• Aiming the ropeways described by 
Capt. Budden, were the installations 
of the 3-cable type, between Crespano 
and Mt. Grappa in Italy, the Shrop- • 
shire Mines Ropeway at Minsterley, 
and the Dorada Ropeway, the last- 
mentioned of which has been treated 
at some length in the pages of 
Industrial India. Capt. Budden s 
paper is reprinted in the Royal 
Engineers Journal for Tune, 1922, 
and is accompanied by an exceedingly 
clear plate illustrating various types 


of ropeways and explaining parts of 
the equipment. In connection with 
costs, Cap*. Budden remarked that 
there can be no doubt that in favour- 
able circumstances a well-designed . 
ropeway effects a considerable sav- 
ing in transport costs over other 
means of transport. This was a 
point upon which our own contri- 
butor fclid strees, as it furnishes a 
strong argument for the consideration 
of a ropeway installation irf difficult • 
country. 
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Centrifugal Castings 

By V. K. HURST 

• 

/ he process of making cylindrical castings by what is now known as the 
( cntrijugal method, is a relatively new departure, but has attained 
considerable commercial success. Mr. Hurst in his paper before the HVsi 
of Scotland Iron and Steel Institute, dealt with this subject largely from 
the point of mew of the chemical and physical composition of She iron 
used, and we reprint the greater part of this very instructive paper. 


A CONSJDKKAM,!*; amount of 

interest is attached to 
the method of the pro 
L. duetion of castings by the 
introduction of molten 
metal into rapidly rotating moulds 
carried on specially designed machines, 
a process which has now come to be 
well known as the Centrifugal Casting 
Process. It is the author’s intention 
to deal in a somewhat brief manner 
with certain of the aspects of this 
process as applied to the production 
of cast iron castings. 

The process, as at present operated 
in the works with which the author 
is connected, is being applied to 
east-iron tor the purpose of pro- 
ducing large size castings for piston 
ring sleeves, gas, oil, and Diesel 
engine cylinder liners, chilled wheel 
and chilled roll castings, and 
cylindrical castings of all descriptions. 
The machines at present in operation 
are capable ot ptoducing castings up 
to a maximum length of 30 ins., and 
ot varying diameters from 10 ins. up 
to 30 ins. Other machines for the 
production of both smaller and larger- 
sized castings are at present in 
course of construct ion. The principle 
of operation of the centrifugal east- 
ing process consists of the introduction 
ot molten metal into the mould or 
die which is rapidly rotating about a 
horizontal axis. ['or cylindrical 
articles no core is used, and a per- 
fectly cylindrical interior surface is 
produced direct by virtue of the 
centrifugal force under which the , 
metal solidities and the rate of 
introduction of the metal into the 
mould. Castings other than chilled 
castings are produced at the author’s 
works, directly machinable, a feature 
which is arrived at by strict * control 
of the chemical composition of the 
• metal and the details of the mould 
and casting operation. 


The machine consists essentially <>1 
lace-plate mounted on a shaft carried 
in bearings arranged to be rotated 
at the required speeds. The moulds 
are attached to the faceplate by 
holts, and when rotating the molten 
metal is introduced by tilting a 
specially designed pourer which has 
been moved into position inside the 
rotating mould. 


Construction of Moulds 

The moulds themselves are con- 
structed iu two putts viz., an outer 
holding casting which is arranged to 
holt to the faceplate and an inner 
liner which is arranged to tit loosely 
inside the holder casting. The liner 
is bored internally to the size •and 
dimensions of the outer surface <>(,tlie 
casting to be produced, anti the 
outside of the liner is bored to fit 
the holder casting, which is designed 
to take a group of a series of liners, 
the dimensions of which are arranged 
to produce flanged cylindrical 
castings of a standard series of 
dimensions. By this means the cost 
of the renewals of dies for the pro- 
duction of a given size is considerably 
reduced, and as a rule the series of 
holders will take most special liners 
required for the production of cast- 
ings of special shapes. 

The back end of the liner nc*t to » 
the faceplate of the machine is 
closed by a plate attached to the end 
of a screwed rod passing through the 
hollow shaft of the machine and 
arranged for th^ ejection of the 
eastings. The front of the liner is 
closed by an annular plate having the 
internal diameter of the annular ring 
corresponding to the internal diameter 
of the casting to be produced. This 
plate is arranged to be removable 
after the completion of the casting 


operation in order to allow* of the 
extraction of the casting. 

As indicated, a series of standard 
dimensions of flanged cylindrical 
castings has been drawn up, and the 
installation of the necessary holders 
and liners to produce these, makes it 
possible to produce a wide variety 
of cylindrical castings within the 
limits of dimensions mentioned above 
and with comparatively trifling altera- 
tions. For example, the only altera- 
tion to the die required to produce 
castings thicker than a given standard 
casting is an alteration to the 
diameter of the inner circle of the 
•closing plate. Castings shorter than 
the standard range of size ca n be 
produced by an alteration in tile 
position of the ejector plate. Castings 
having specially shaped flanged or 
External projections require a special 
liner, but here y.gain, in the majority 
of cases, a Special liner only is re- 
quired, a*d the ex]>cnse is not 
fircessarilv prohibitive. Castings 
having internal projections, or closed 
cylinders *nr dish-shaped castings, 
cannot yet be produced on a com- 
mercial bards. 

For larger-sized castings than the 
above mentioned a somewhat 
different scheme is under installation, 
but this possesses sufficient flexibility 
not to place an undue burden on the 
cost of the castings. This scheme 
consists essentially of th? use of a 
complete mould or die which on 
completion! of the casting operation 
is arranged to be removed from the 
machine along with the casting for* 
stripping purposes. For the produc- 
tion of large numbers of single 
castings more than one mould would 
be in progress in order to maintain 
the sequence of operations. In the 
case of a casting where the initial 
cost of more than one die would be 
prohibitive, it can be arranged to 
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interpose the single die in series 
with another die for a different 
casting, thus still maintaining the 
sequence of operations. Till opera- 
tion is very similar to the casting and 
stripping of ingots in an open hearth 
steel shop. • 

Chemical Composition of 
Centrifugal Castings 

So far as experience has gone up 
to the present, it is f^und that the 
influence of the various constituents 
of cast-iron follow the same rules as 
in the case of sand castings. # l'his is 
well illustrated by the curves in Fig. 
2, indicating a state of affairs and a 
remedy which lias been a common 
experience in almost every sand- 


lower total carbon content than that 
of normal foundry irons is well 
known, and following on this practice 
it is endeavoured to produce high- 
grade castings for cylinder and piston 
ring work in cast-iron with a total 
carbon content within the range of 
2.75 to 3.0 per cent. This is rendered 
possible by the use of the special 
melting plant described later. 

The combined carbon, on account 
of the higher silicon content usually 
worked to. is lower than what is 
usually obtained in ordinary foundry 
practice. This is advantageous in 
castings such as piston rings and the 
like, which are subject to com- 
paratively high temperature condi- 
tions. A series of figures given below. 


feature of this series of figures is that 
the combined carbon is higher on the 
inside surfaee # thnn the outside. This 
is worthy of recording, and is met 
with quite frequently. The author 
has preserved a sj>ecimen for future 
examination of a casting showing a 
layer approximately one-eight of an 
inch deep on the outside surface of 
the casting, which on examination 
shows no trace of combined carbon. 
These figures are included with the 
object of showing the possibility of 
variation in the combined carbon 
values. The average value usually 
maintained is from 0*3 to 0.5 percent., 
unless specially desired, when higher 
values are readily obtained by re- 
duction of the silicon content. 
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casting foundry. The curves are 
abstracted from the daily test charts, 
and show very clearly the increase in 
the percentage of* rejected hard 
castings as a result of the increase in 
sulphur content. This w^s corrected 
at the time by a slight increase in 
silicon content. In cases like these 
there is no doi/ot that in the 
centrifugal casting process the cast- 
ings are more ’sensitive to the effects 
of small changes in the chemical 
composition. 

Carbon 

The advantage of a somewhat 


Table 1- show that the variations in 
combined carbon within the limits 
of the figures given have practically 
no influence on the tensile strength 
value. Starting with a cold mould at 
normal temperature, the first few 
castings are invariably chilled on the , 
outer surface or the surface next to 
the metal mould. As the temperature 
of the mould rises, the chilled surface 
on the castings rapidly disappears, 
and the combined carbon gradually 
reaches a constant value. The figures 
given in Table I. serve to show the 
variation in combined carbon with 
the order of casting. * The remarkable 
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The proportion of graphite present 
naturally varies with the oombined « 
carbon, and in this connection it is of 
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considerable interest to retold that 
no ease lias yet been met of any 
segregation of the graphite during 
the casting process. This is strong 
confirmatory evidence that in east- 
iron below and up to the eutectic 
composition the graphite does not 
form in the liquid state, and is formed 
<^iite late in the solidification range. 
If the contrary were the case, then 
one would certainly expect to find 
some indication of the segregation of 
the graphite to the inner surface of 
the casting, particularly in view of 
the wide dispaiity in the specific 
gravities of gr.qdiite and iron. 

Silicon 

The aveiage value of the silicon in 
centrifugal castings is about 2.75 
per cent. This is a somewhat higher 
value than is usually used in sand 
casting practice tor high-grade work. 
Lower value than this can be cast. 

Sulphur and Manganese 

Sulphur existing as the manganese 
sulphur compound which, as is now- 
known, is insoluble in cast iron at the 
temperatures usually met with in 
foundry practice, and is also lower in 
specific gravity, tends to segregate, 
under the influence of the centrifugal 
action, to the inner surface of the 
casting. 

In castings of thinner cioss-scction 
the effect of the segregation is much 
less owing to the increase in rapidity 
of the solidification. The use of low 
manganese irons, m increased casting 
temperature accompanied with rapid 
pouring, tends to practically eliminate 
this segregation in all but very thick 
castings. As a general rule excess of 
metal is poured into the rotating 
mould, which is thrown out in 
castings of comparatively small length 
and along with it the segregates in 
the shape of sulphur and slag in- 
clusions which have collected on the 
inner surface. 

Phosphorus 

1'or the successful production of 
centrifugal castings highly fluid iron 
is desirable. The well-known effect 
of phosphorus on this property would 
appear to be of considerable value in 
this process. Unfortunately the in- 
fluence of phoshporus on the proper- 
ties of centrifugal east-iron appears 
to be very undesirable, and in so far 
as our investigations have gone it is 
largely to that element tlfat low 
tenacity and, what is more serious, 

* “ brittlefiess ” in centrifugal castings, 
is to be attributed. This particularly 
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appears to be the case when phos- 
phorus is present in conjunction with 
fairly high silicon values. For high- 
grade castings, therefore, on this 
account only, low phosphorus material 
is desirable, and a maximum of 0.50 
per cent, foi special castings is now- 
worked to. This is obtained by the 
use of steel scrap or hematite, pre- 
ferably the former, and the necessary 
fluidity, and incidentally, uniformity, 
is obtained by maintaining a high 
casting temperature in the melting 
plant specially designed for this 
purpose. Before leaving the question 
of phosphorus, it is of interest to 
mention a curious tendency noticed 
on several occasions tor the phos- 
phorus to segregate to the outside 
surface of the castings. This the 
author believes is w'orth recording, as 
a similar tendency has been noticed 
in the case of the eutectic in the die 
casting of copper aluminium alloys. 

The composition ot some of the 
different, articles recently made on 
the centrifugal casting machines 
are included in Table II. These 
figures are included with the object 
of giving some idea of the range of 
composition which can be satis- 
factorily dealt with by this process. 

The cast-iron containing nickel 
and chromium is being used for the 
production of the chilled iron wheels 
previously mentioned and illustrated. 
The author is yet unable to give d;4*'i 
ot the physical properties of this 
material as centrifugally cast, and its 
use for this purpose has suggested 
itself on the basis of certain stayoaarv 
chill easting experiments of which 
the author has had previous ex- 
perience. The main object in using 
this material is the desirability of 
producing a chill having an extremely 
close grain, as distinct from the 
somewhat coarser grain of Plain 
east-irons. The composition is at 
present being obtained by melting 
nickel chrome steel scrap in the 
mixture. 

Physical and Mechanical Prop- 
erties of Centrifugal Castings - 

It is necessary to point out that 
the consideration of the mechanical 
properties of centrifugal castings 
should always be made in conjunction 
with the chemical Composition, and 
this must be taken into consideration 
when making comparisons between 
centrifugal and sand castings. So 
far as the investigation of the pro- 
perties of centrifugal cast-iron has 
gone at present, in all cases a distinct 
improvement in the mechanical 


properties has been found. An im- 
provement would, of course, be 
expected on the grounds of the use 
of a mt*tal mould, although there is 
no doubf that the centrifugal method 
itself has considerable influence in 
modifying the properties of the cast- 
iron. 

The figures given in Table II. arc 
the results of tensile strength deter- 
minations on bars and rings cut from 
centrifugal castings of the composi- 
tions given in the table. This collec- 
tion of results serves to show the 
influence of the reduction to total 
carbon content in increasing the 
tensile strength and the slight falling 
oil in strength w'itli increased silicon 
content. In all cases it will be agreed 
that the values are slighly higfier than 
would be obtained from sand castings 
of identical composition. The tensile 
test specimens were in all cases 
machined lrom the castings, and 
where the method ol determination is 
stated as direct, the test piece was 
machined up in the ordinary form 
and broken in the usual manner. In 
those eases where the determination 
was made on rings, the procedure 
recommended in British Engineering 
Standards Specification, 2 K. fl, was 
followed, using the formula set out 
therein for obtaining the breaking 
load per square inch of section. The 
•results of some determinations of the 
resistance to wear determined by the 
use of a special machine designed by 
the author are giveh in the foregoing 
aide. Table III. Both samples 
ested were of the same composition 
and frpm tli£ Hfcme cast. The sand- 
east specimens were prepared from 
standard ^inch. diameter round bars, 
alid the centrifugal-cast specimens 
were maclyned from cylindrical cast- 
ings having a wall thickness of 
approximately g inch. The tests were 
made undfr strictly comparable con- 
ditions. and the extent of the wear 
in each specimen, as indicated by the 
loss in weight, is given in the table. 
These figures are the only long series 
that the author has yet available, and 
are taken on ^ material having a 
fairly fciigh silicon content as indicated. 
The state of our knowledge of the 
factors go\^rning wear in materials is 
, insufficient to allow of the broad 
conclusion that •these results are 
characteristic of centrifugal castings, 
and they are included merely as the 
results of a long comparative test. 
The figures in themselves arc rather 
remarkable, indicating hs they do a 
greater loss in weight in the centri- 
fugal casting of the above Composition 
in the earlier stages of the test. The 
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magnitude of this loss in weight in 
the centrifugal casting decreases as 
the test is prolonged, and has 
apparently reached a constant value, 
whereas in the sand casting*the loss 
in weight increases steadily with the 
prolongation of the t#st. It is also 
worthy of notice that the combined 
carbon in the sand-cast specimen is 
higher than in the centrifugal-cast 
material. Investigations are being 
made as the opportunity occurs into 
the behaviour* of cennifugally-cast 
material under the influence of high- 
temperature conditions on the plastic 
properties and other properties of 
interest in connection with high- 
grade castings. As in the case of 
sand castings, the composition of the 
materiaMias a profound influence on 
all these properties, apart entirely 
from any influence of the method ol 
casting, and up to the present time 
the tests made are more or less of an 
exploratory nature, with a view to 
indicating the most hopeful lines to 
work on. The data yet available are 
of too disjointed a nature for publica- 
tion. 


Structure of Centrifugal 
Castings 

The freshly broken fracture of 
centrifugal castings in east-iron is 
invariably very dose grained.. 
Neglecting a thin layer on the outside 
edge of the casting adjacent to the 
metal die, the fracture of the centri- 
fugal castings produced under correct 
conditions is uniform throughout? 
The uniformity of Jhe fracture is 
particularly noticeable ffi castings ol 
comparatively large croSs-sectional 
area. ** 

Prof. Howe has found (Bulletin 
American Inst. Mining afld Metall- 
urgical Engineers, February, 1910, 
361-365), in experiments nmde with a 
mixture of zinc with 5 per cent, type 
metal, that a marked spiral marking 
is obtained when cast in rotary ( 
moulds, as contested with the strong 
columnar structure when cast in 
stationary moulds. No evidence of 
spiral markings has been encountered 
by the author in connection with 
cast-iron, and in this connection it is 
to be noted that the Bureau of 
Standards found pnyiounced ingotism 
in the centrifugally-cast steel samples 
examined by .them. (Technologic 
Paper No. 192.) 

Beyond showing the reduction in 
size of the gsaphite, the author has 
not been able to show clearly the 
reduction in size of the grains corre- 
sponding with the evidence obtained 


by visual examination of the fracture. 
In certain experiments which have 
been made on non-ferrous alloys the 
grain size can be readily .shown by 
modified etching methods. A series 
of photographs of a high lead bronze, 
eentrifugally east, were exhibited, 
showing the reduction in grain size 
of the eenlrifugally-east material as 
compared with the original ingot. 
The author considers it legitimate to 
make the deduction that the grain size 
of east-iron is similarly effected. 

There is no doubt that this reduc- 


tion of the grain size is largely res- 
ponsible for the improvement of the 
mechanical properties noticed. It 
seems highly probable that the tc- 
duction in grain size is a direct result 
of the method of casting. There is 
no evidence that the pressure under 
which the metal solidifies has any 
influence on the structure of 
mechanical properties, and the reduc- 
tion in grain size is sufficiently 
accounted for as a result of the 
motion and agitation of the metal 
during solidification. 
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Pinholes and Blowholes 

Prom a consideration of the method 
followed in the production of 
cylindrical castings by the centrifugal 
process, it will be seen that the 
manner of solidification of the molten 
metal is somewhat different from that 

similar castings produced by sand 
casting methods. Neglect ing the end 
effects in sand castings, the molten 
metal in cylindrical castings com- 
mences to solidity at the inner and 
outer surfaces to all intents and pur 
poses almost simultaneously. The 
centre portion of such castings is the 
last to solidity, hence the necessity 
for risers and feeder heads to make 
up the deficiency of metal in the 
liquid centre due to the shrinkage of 
the molten metal. In the centrifugal 
process the mould is rapidly rotating 
about the horizontal axis, and as the 
metal is poured in it is rapidly 
whirled round, completely covering 
the surface of the mould, and as the 
molten metal is continually poured 
in each layer is covered by a successive 
layer at each revolution of the 
machine. If the casting has been 
poured correctly, and all the features 
of the mould and speed are correct, 
the solidification of the casting as a 
whole is practically complete with the 
last layer poured in. and consequently 
no feeding is required to make up the 
effects of shrinkage. If these condi- 
tions are not correct, then liquid 
shrinkage* must occur, and this 
usually manifests itself in the form 
of markings on the inner surface of 
the casting, which are really slightly 
unsound portions resulting from the 
contraction of the final layers. 
Examples of this were exhibited in 
the form of photographs, and they 
are often accompanied by slight 
exudations or pellets resulting from 
the contraction of the inner portions 
forcing still liquid metal through to 
the inner surface. Analyses taken of 
the exudations show that they arc 
not necessarily highly phosphoric, and 
this effect is often magnified by the 
condition of the machines and vibra- 
tion. l'or example, anv “ out of 
balance ” frequently accentuates the 
appearance of these markings. 
Neglecting the end effect, therefore, 
it will be seen that cast under correct 4 
conditions the solidification of the 
molten metal in centrifugal castings 
takes place from the outside surface 
to the inside, and the final portion 
to solidify is the inner surface. 

The difference in method of 
solidification is one of the advantages 
of centrifugal casting process, and it 


is to this cause that the uniformity 
of the fracture can be ascribed, which 
in its turn is responsible for the high 
and regular values obtained for the 
mechanical tests taken on samples 
cut from the castings. Solidification 
in this maimer is also responsible for 
the absence ol unsound ness and 
porosity and th^ elimination ol those 
deep seated blowholes due to incorrect 
casting temperature. Blowholes due 
to mould gases which are met with 
in sand castings are obviously absent, 
as no sand is employed in the process. 

The phenomena of the occurrence 
of small pinholes in centiifugal cast- 
ings has been referred to bv Williams 
(LIU* Proceedings, 1620.) Small 
subcutaneous blowholes which were 
probably identical with pinholes were 
found in centrifugal cast steel castings. 
(American Bureau of Standards 
Technologic Paper, No. 162.) There 
are probably three types of pinholes 
which have distinct characteristics 
which enable them to be readily 
recognised. The first type are not 
really pinholes, but are minute super- 
ficial depressions which very rarely 
penetrate any considerable depth 
into the casting. These are due to 
entrapped air between the mould 
surface and the rapidly solidifying 
easting. 

Pinholes 

The second type of pinholes ;fte 
probably the most serious, and are 
strictly pinholes in that the>» are 
very narrow holes, literally covering 
the outer surface of the castntg, and 
extend a considerable depth into the 
casting. They may, and very 
frequently do, extend right through 
the casting, and often lead into a 
large patch of unsoundness, which is 
indicated by a characteristic rumpling 
of the inner surface of the casting. 

< hi the extreme outer surface the 
width of the holes may be largo, but 
immediately they enter the casting • 
they narrow and expand into a pear- 
shaped hole further in towards the 
inner surface. Many of the holes arc 
found not connected with the cuter* 
surface, but with the opening on this 
surface completely sealed up. These 
isolated holes are almost invariably 
bright and free from oxide scale, but * 
those open on the <^ter surface may 
or may not be coated with oxide scale. 

It is evident from this that this pin- 
hole was formed during the actual 
solidification period ns indicated by 
the bending of the primary crystallites 
clearly indicated in the photogiaph. 
On this and on other ground it is 


considered that the pinholes are due 
to the liberation of the dissolved 
gases during the solidification of the 
metal which are trapped in the casting 
under the particular conditions ot 
rate of solidification obtaining. 

• 

Photographic Studies 

A series of photographs taken from 
a crude brass casting were shown on 
the screen. The brass used during 
this experiment was ^erude material 
obtained by re-melting commercial 
scrap ami probably bad a composition 
round 1 about 80-20, and containing 
large quantities of lead and tin. The 
photographs are taken from the 
outside and inside edges of the two 
castings respectively, and the speci- 
mens were etched with chroftiic acid 
to show the crystal boundaries. 
Casting No. 1 shows a comparatively 
uniform grain structure throughout, 
and, as a matter of fact, small sub- 
cutaneous pinholes were to be seen 
on the inside surfaces. Casting No. 2 
shows a large collection of pinholes 
and unsoundness on the outside 
surface, and the grain size is not 
uniform throughout, the grain being 
much larger on the inner suiface than 
the outer surface. In this casting the 
casting temperature was much highei 
than in the case of casting No. 1. 
It is probable that the influence 
• exerted by the casting temperature 
is through its influence on the rate 
of cooling or rate of solidification, and 
these photographs are include^ to 
show the influence of the rate of 
^solidification on the position of the 
pinholes in the%samplc. 

The third # typc of pinholes cannot 
be separably distinguished, and the 
Ifuthor has considerable doubts as to 
whether they exist. However, certain 
occurrences have led one to suppose 
that an insufficiency of plumbago in 
the mould 1 is liable to cause pinholes. 
This is not altogether dear, nor is 
the reason why this should be so. 

A considerable amount of investiga- 
tion has been cairied out on the 
subject of pinholes, which are the 
most serious pf the metallurgical 
troubles which have been Encountered, 
and sufficient is now known to be 
able as a general rule to prevent theiy 
occurrence. 


Nkw Brunswick.- -This province 
has three paper miffs operated by. 
water power, with a total installation 
of 14,668 horse-power and a daily 
produdng capacity of 30 - tons of 
mechanical and 260 ton*^ of chemical 
pulp. 
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Oils and Lubricants 


N dealing with nils collectively, 
these can be divided into three 
distinct classes, namely 
mineral oils, vegetable oils and 
those derived from animal 
sources. Before attention is drawn 
to these classes, the actual valuation 
of an oil, that is how such value is 
determined, should be known. 

When used as a lubricant, the value 
of an oil is chiefly dependent on its 
capacity as film-forming, which in 
other words means its capability of 
maintaining a film of oil between 
bearing surfaces. The viscosity ol 
the oil to a great extent governs its 
film forming capacity, but it should | 
not be misconstrued that the most 
viscous oil is likely to be the most 
suitable. It will be found that an 
oil df the lowest viscosity which will 
retain an unbroken oil film bet vveefi# 
bearing surfaces is the most suitable 
for lubricating purpose* becifuse a 
higher viscosity than that# necessary 
to retain the oil film results in a was!** 
of power due to the expenditure of 
energy necessary to overcome the 
internal friction of the oil itself. 
How the frictional resistance differs 
with various oils is shewn by the 
following figures. If the iriction of a 
journal in its bearing using sperm oil 
is assumed equal to l, the friction 
resulting from the use of rape oil is 
1.00, mineral oil 1.29, lard oil 1.35, 
olive oil 1.3d and mineral grease 2.17. 

Frictional Valued 
These different frictional values 
when applied to higjti speed shafts or 
spindles mean a large difference in 
the horse power absorption in driving, 
a factor that very clearly demon- 
strates that in lubrication the lubri- 
cants used is a question of much 
greater importance than generally 
imagined. 


Mineral Oils 

Nearly all commercial lubiicaling 
oils are obtained from petroleum, 
although some mineral oils are also 
derived from shale. Mineral oils are 
classed commercially as " pale " and 
dark." The pale oils are inclined to 
transparency, and arc tinged with a 
variety of yellow and red shades. The 
dark oils are opaque and of a greenish 
and brownish black hue. The oils 
obtained from petroleum have a 
greater range of viscosity than fixed 
oils, the thinnest being more fluid 
than :-penn oil, whilst the tnickest 
more viscous than castor oil. 

Lubricating oils obtained from shale 
a nr of a low viscosity. 

Mineral oils are often artificially 
thickened by adulteration which will 
be later mentioned under the chapter 
of adulterants. The specific gravity 
of mineral oils varies between appro- 
ximately 0.80 to 0.91, whilst their 
flash point is within the region of 300 
to 000 deg. F. 

Pure mineral oils have been lound 
quite satisfactory for forced lubrica- 
tion •but where lubrication is not of 
this character, friction pressure and 
spindle speeds must de termine to a 
great degree the class of lubricant 
'used. Pressures below 70 lbs. per 
sq. in. are generally accepted as 
light, and speeds below 100 ft. per 
minute as low speeds. Pure mineral 
*>il ntfly be used when the pressure is 
light, but over the light pressure 
maximum stated, blended oils should 
be used. 

Vegetable and Animal Oils 

The most common lubricants 
amongst animal oils are tallow, lard, 
neats foot and sperm oil, whilst with 
vegetable oils, olive, rape and castor 
oils are the best known. Oils that 
are obtained from the seeds of plants 


or fruits and the tissues of animals 
which will not volatise unless decom- 
posed are known as " fixed oils." 
These oils become fats at low tem- 
peratures ’ and invcisely all fats 
become oils at 150 deg. F. Generally 
speaking, animal oils are yellow or 
eithei colourless, whereas vegetable 
oils have various shades of yellow 
and green. For internal lubrication, 
vegetable and animal oils are not 
suitable, owing to the decomposition 
that sets in at high temperature, 
forming acids which are injurious to 
metals. The combination of the 
following lubiicants and metals tender 
towards corrosion. Tallow oil, iron 
and copper ; seal oil, copper ; whale 
oil, lead ; lard oil, lead ; sperm 
oil, lead and zinc ; rape oil, copper ; 
cottonseed oil, tin. 

The specific gravity of fixed oil 
varies from about 0.88 to 0.90 at 
00 deg. P. Sperm oil has the lowest 
viscosity and castor oil the highest. 

Blown or Thickened Oils 

Rape and cotton seed oil are those 
generally selected for artificially 
thickening. This is done by the 
forcing of a current of air through 
the heated oil which increases the 
density, and makes them more viscous. 
Mineral oils mixed with blown oils 
are greatly used for lubrication, 
especially when as previously stated 
the frictional pressure exceeds 70 lbs. 
per sq. in. (| 

# Mineral oils are not always mixed 
with blown oils, but are artificially 
thickened by means of the addition 
of some aluminium soap. By this 
addition, the viscosity of the oil 
is increased, but which rapidly 
diminishes with the application of 
heat. For thickening mediums to 
mineral oil, soap such as lime, soda 
or lead soap is often added to form 
* 





144 


1 NJDIA 


V 


I M D U S T R I A L 


grease at ordinary temperatures. Solid 
lubricants such as graphite, tale, etc., 
can also be included in these greases. 

Expensive oils such as sperm, olive 
and lard oils are often mixed with 
fixed and mineral oils for cheapness. 
Cotton -seed oil is sometimes mixed 
with olive and lard oils and often 
substituted for olive oil. With 
mineral oils adulterants are usually 
added for increased viscosity, and the 
presence of these adulterants can 
sometimes be detected by simple 
tests as will be described. 

'Jl.sT |. 

To ilotrrminr tin* prrsetire of solid ini 
purities in oils, kerosene is lidded to half a 
tumbler of oil until the whole bee onu s quite 
thin. On obtaining some filter paper or 
ordinary white blotting paper, the oil should 
be gradually passed through. This having 
been effeeted, the filter paper should be 
washed with kerosene and the residue left 
in the paper will show what impurities were 
eoutaiued. 

Thst 2. 

Impurities ran also be roughly detected 
hy smearing a piece of writing paper with 
oil and holding it to the light ; if the oil is 
free from solid impurities, the resultant blot 
will be of equal transparency throughout, 
otherwise the solid partie les must show. In 
either of these tests it is essential that the 
oil does not rcsinify. For the testing of 
this, pour a certain amount in a shallow 
dish for a week, and leave in a warm plat e ; 
at the end of that time there should he no 
crust whatever. 

Tiist :t. 

Oil can be tested by mixing with intric 
acid fumes. If the oil is pule, a thick mass 
will form in a few hours, whilst rcsinifyiug 
oil will remain tliiu. The presence of acids 
in oil is very injurious to metals, as in time 
they attack the parts lubricated. 

Thst 4. 

To test for acid, pour some oil in a glass 
vessel, and add either copper oxide or 
copper ash. Free oil retains its original 
colour, whilst if containing acid it becomes 
a bluish or greenish colour. 

Thst f>. 

bet a drop of oil rest on a sheet of copper 
or brass, and leave it there for roughly a 
week ; if the oil contains acid, the metal 
will show a green spot. 

Thst <i. 

Cylinder oil can he tested bv colour, 
flood cylinder oil. when heated to 480 deg. 
1\, will not change to any noticeable 
degree, or if heated to a temperature 
slightly higher than that which exists in 
a high pressure engine cylinder, bow grade 
oils, on the other hand, will darken when 
treated in this manner. 

Thst 7. i 

Cylinder oil can also be tested by heating, 
the oil in a current of air for one hour at a 
temperature corresponding. The loss in 
weight should not exceed 0.5 per cent. 

Thst 8. 

Taka a small quantity of oil or grease in 
a test tube or wide mouthed glass jar and 
dissolve it in alcohol, t he time tgken being 
appreciably lessened by partly immersing 
the test tube or jar in a vessel of warm 
water. 4 *As .soon as the whole has been re- 
duced to n liquid state, a piece of blue- 


litmus paper, which is obtainable at any 
chemists, should be dipped in t he mixture. 
If arid is present, the p«ip<*r will turn red. 

Thst ft. 

This test, which takes several days to 
complete, consists of taking a few strands 
of wool or cotton waste, soaking them 
thoroughly in the lubricant to be tested, 
then wrapping them round a piece of 
brightly polished steel bar. The bar and 
strands should th?*n be exposed to the full 
rays of the sun for a few days (sheltered 
from any rain), and then examined. If, 
after four days, the strands are removed, 
the bar rubbed with a drv cloth, and no 
marks are found on the steel, the oil is acid 
free, but should a dull line remain where 
the strands were bound, this line has been 
etched by arid in the lubricant. 

Thst 10. 

The last method to be included here is to 
mix a small quantity of the oil to be tested 
with an equal quantity of saturated solution 
of caustic soda. The mixture should be 
bottled, thoroughly shaken, and put aside 
for a couple of days. At the end of that 
time, if the oil has absorbed all, or nearly 
.ill, of the caustic solution, and has become 
a hard mass of soap, that grade of oil is of 
no use for lubricating purposes, as the 
amount of acid present is positively 
dangerous. 


conditions, but become so fluid due 
to rise in temperature as’ to cause 
the bearing surfaces to cut and 
abrade* each other. The viscosity of 
mineral* oils varies more with the 
temperature than the viscosity of 
fixed oils, lienee a bearing lubricated 
with a mineral oil needs more atten- 
tion than one lubricated with a fatty 
oil. In general the viscosity of a 
lubricant should increase as the 
spindle speed diminishes and this is 
particularly •applicable to mineral 
oils. As the loads increase, wear and 
overrating may result unless fixed 
oils be added, although it is rarely 
necessary to use pure fixed oils. The 
necessity for using expensive fixed 
oils, instead of cheaper mineral oils 
is sometimes due to imperfect*! ubricat- 
ing devices. When selecting a 
lubricant for bearings operating at 
ordinary speeds, viscosity is* the most 
important property to consider pro- 
viding the loads do not exceed 200 to 
250 lbs. per sq. in. 


It will be seen that there are ample 
simple methods of testing oils for 
acid should any doubt exist as to its 
presence, which causes rusting or 
etching of brightly finished surfaces, 
this tending to roughen such surfaces 
and increase the friction. 

Viscosity < 

A very simple means of comparing 
the viscosity of two or more oils is to 
take a glass plate, and aftei setting 
it at a slight angle from the horizontal 
drop upon it from a pipette ^>r#tube 
an equal number of drops of the oils 
to be compared. The thinner oil, or 
that of the least viscosity will at first 
flow rapidly down the plate. After a 
day or two a comparison can be made, 
the oil which flows the greater 
distance can be taken as the Wetter 
example, if an oil of low viscosity is 
desired. 

As regards engine oil, there is no 
standard, but it lias been proved that* 
a good lubricating oil should have a 
viscosity of 450 seconds at 100 deg. F. P 
and 00 seconds at 250 deg. F. with a 
steady fall between these points fof 
engine purposes. 

The viscosity of all lubricants 
varies considerably with changes of. 
temperature, and consequently when 
the viscosity of c4t is spoken of, a 
definite temperature is understood and 
which is taken as 60 degrees F. 

Effect of Heat 

An oil might be sufficiently viscous 
to carry a given load under normal 


Machine Lubrication 

For machine tool bearings, shafting 
and machinery of medium weight and 
speeds, a mixture of mineral oil with 
10 to 20 per cent, neutral animal, or 
vegetable oil will be found suitable. 
Animal oils are to be preferred to 
h vegetable oils, owing to their less 
liability to gum. For dynamos and 
motors with ring lubrication pure 
mineral oil should be used having 
from two-thirds to about three rimes 
•the viscosity of rape oil, dependent 
upon the sizc^ weight and speed of 
the lfiuchiiv. For ball bearings a 
neutral a*imal oil or fat, either pure 
H ) r mixed with a fairly viscous mineral 
lubricating oil will be found satis- 
factory. «For very light machinery 
running at fairly high speeds use 
mineral lubricating oil, having about 
the same viscosity as sperm oil, best 
results being obtained by the addition 
of 10 to 20 per cent, sperm oil. 

For turbine bearings having forced 
or circulating pump lubrication, use 
pure mineral oil having a viscosity of 
from one to fitfe times that of refined 
rape-oil, depending upon the bearing 
pressure speed and temperature con- 
ditions. For steam engine cylinders 
use heavy mineral cylinder oils mixed 
with from 5 to 2b per cent, of rape or 
other fixed oil, the ^ropoition of the 
latter being reduced as low as possible 
without imparing the qualities of 
lubrication. 

For very heavy locomotives use 
mineral oil having froiq two to four 
tiipes the viscosity of rape oil mixed 
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with refined rape oil in the proportion 
of three parts mineral to one part rape 
oil. In very warm climates it is 
desirable to increase the viscosity of 
the mixture by adding sopfe good 
mineral cylinder oil. 

I'or gas engine cylinders, a mixture 
of 90 per cent, mineraf oil and 10 per 
cent, neutral fixed oil is used with 
satisfaction. 

Oils for Tempering: Flash 
Point a*hd Fire® Test 

With oils used for tempering the 
flash point and fire test ai£ two 
temperatures of an important bearing. 
They must not be accepted as one and 


vapour is given off, aitd when the 
production of vapour is rapid enough 
to maintain a continuous flame, the 
oil takes tire and burns, this tem- 
perature being known as the “ lire 
test.” It is possible to obtain a 
temperature of from (KM) deg. 1*\ to 
700 deg. F., with heavy tempering 
oils but a tempering oil that has been 
recognised to give most satisfactory 
results has the following charac- 
teristics : - composition, mineral oil 
94 per cent, saponifiable oil 0 per 
cent, specific gravity 0.920 ; flash 
point 550 deg. F. fire test 025 deg. F. 
These figures apply to new oil, but 
when continually u: ed so as to become 
practically useless, an analysis of the 


increased by occasionally adding new 
mineral oil. 

Cutting Lubricants 

Lard oil as a cutting lubricant is 
extensively used especially on auto- 
matic screw machines, where steel or 
wrought iron is being worked upon. 
One unsatisfactory point about lafd 
oil against other commercial lubricants 
is that being of a sluggish nature it 
does not pcnetiate to the cutting 
point with sufficient rapidity, where 
high cutting speeds are in operation. 
Nevertheless, lard oil is frequently 
used in eombinatibn with other 
lubricants for general machining pur- 



the same thing, but arc distinguished 
as follows : — The flash point is the 
temperature at whifh the amount of 
vapour given off is sufficient to form 
an inflammable* or explosive mixture 
with the air over the surface of the 
oUp so that the gaseous mixture 
ignites and burns with a momentary 
flash, when a flame is applied. As 
the temperature of the oil rises moi# 


same composition, has resulted as 
follows : — Mineral oil 30 per cent. ; 
saponifiable oil 70 per cent., specific 
gravity 0.950 ; flash point 475 deg. F. 
fire test 550 deg. F. The difference 
here is due to the loss of mineral oil 
resulting from the high heats to which 
tempering oil is frequently or con- 
stantly subjected ; hence the dura- 
bility of the tempering bath can be 


poses. Th«re are many patent 
•lubricants on the market now-a-days, 
all differing slightly in theii composi- 
tion, which find great favour with 
manufacturers, but for those who 
choose to prepare their own, the 
following cheap lubricant is recom- 
mended* for turning, milling, etc., 
and shotild be prepared in the follow- 
ing proportions ; one pound *of car- 

% 
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bonate of soda ; one quart of lard 
oil; one quart of soft soap and 
enough water to make H) to 12 
gallons. This mixture should he 
boiled for half an hour. Any object 
ionable smells can he eliminated by 
the addition of two pounds of slaked 
lime, For deep hole drilling, plain 
milling and threading operations, 
dljual parts of 1 ird oil and paraffin 
mixed will he found very satisfactory . 
For gear-cutting a mixture of ,‘U 
gallons of mineral lard oil ; 2J lbs* 
of carbonate of soda to a barrel of 
soft water has been proved extensively 


to possess -great cutting qualities. 
For work on nickel steel and similar 
tough material with leadlines running 
at high speed, the following com- 
pound has proved satisfactory. To 
H gallons ol warm water add 25 to 30 
ounces of borax. When fully dis 
solved add two gallons of lard oil, 
and stir thoroughly. When cold, add 
the contents of a No. 10 jar of 
“ Aquadag ” (condensed), and mix 
thoroughly. 

A cheap drilling composition can be 
made by adding to 30 gallons of water, 
. r > gallons of lard oil, and 20 pounds of 


washing soda. Put the composition 
in a lard oil barrel, invert a steam hose 
into the bung and boil thoroughly. 
Do not use mineral oil or a barrel 
that lia # s contained it. 

For machining copper, milk is 
generally considered to be the best 
lubricant, but fard oil and turpentine 
mixed is extensively used. 

There are many opinions as the 
best lubricant for machining 
aluminium, but the majority are 
based on or ground kerosene. As a 
rule soap water and kerosene are 
generally employed. 


Smoke Abatemeni 


1/ a recent conference between the Wakefield City Health Committee and 
loeal manufacturers alien the final report of lord Newton's Committee 
was discussed ; addresses were given by a number of authorities on this 
important subject. The following extracts are taken from Mr. W. It. 
( as me/ s address which deals at some length with the question of grate area. 


D r KINO the last 20 years 1 
have lived in Wakefield, 
but during that time noth- 
ing has given me greater 
pleasure and pride in our 
sleepy old city than to-day's meeting, 
which indicates the- first practical 
step in an economy campaign, which 
will dwarf the Geddes Axe com- 
pletely, and the lead given by Wake- 
field will very quickly be followed by 
other industrial centres, and the 
total results will l>e 

A saving of 50 millions tons of 
coal per year, a proportionate re- 
duction in the cost of producing 
steam, therefore cheaper power 
and cheaper products. 

A purer atmosphere, more sun- 
shine in our cities and towns, fogs 
with their iueonveniencesminimised, 
happier and healthier people and a 
greatly” reduced death-rate, surely 
such Ixmefits are sufficient to make 
one proud of being a rate-payer in 
the city taking the first step 
towards such attainments. 

We are all satisfied without medical 
knowledge that the two chief 
essentials for good health are water 
and air, consequently both should be 
free from pollution, but only the 
water sue ms to secure attention, and 


yet the senses of sight, smell and 
taste enable us to reject it when 
impure, but no matter how polluted 
the air is by which we are surrounded 
we are compelled to breathe it, and 
we who would not drink from anofhers 



Slug!* Point 1 hi C ambrulv & Foul 

Temperature Recorder Initrtmem Co. Ui 


glass, do not hesitate to inhale the 
'products of combustion from the 
lungs of others which may be diseased. 
Knowing that pure air is necessary 
for health where is there any rqason 
in overcrowding houses, schools, 
biusic halls, and trams and trains, 
and to then erpress surprise at the 
spread of even air borne diseases, 
including Tuberculosis, as we make 
the conditions we can only expect 
the natural results of our own work. 

It is only natural to ask the ques- 
tion : Iiow does wasted coal affect 
public health ? 

Combustion in a domestic grate, a 
boiler furnace or the human frame is 
governed by the same law, the 
maximum results being secured in 
each case when air and fuel or food 
are of the best^and served with the 
correct proportion of air‘ for chemi- 
cally uniting with it, such combina- 
tion produting heat. 

It is impossible to secure the best 
work from a boilq- if the furnaces are 
supplied with the products of com- 
bustion from the flues, and it is 
equally as futile to look for healthy 
lives when people are breathing over 
and over again each ethers breaS, 
and to prevent such conditions th£, 
following lines should be -followed 
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should be 2 to 1, but in daily practice 
it will be found tliis ratio varies 
with every diameter of boiler from 
4 to I in a boiler 7 ft. diameter to 
2.7 to 1 in one 9 ft. diameter, in plainer 
words this means that with equal 
chimney draught 2.7 square feet of 
grate in a 9 ft. diameter boiler will 
gVve the same evaimration as 4 
square feet in one 7 feet diameter. 

By giving in all sizes of boilers the 
same 2 to l ratio of grate to outlet, 
the thickness of the tires would have 
to be increased, and this would 
automatically cut down the excess 
air, give an increased furnace tein- 


proportion in the boiler house as in 
every other part of the works. 

(1) We have four Lancashire boilers 
30 ft. by 8 ft. by 120 lbs. pres- 
sure, machine fired (coking- 
stokers) grates were originally 
(i ft. long, blit are now 3 ft. 
10 ins. long. On the four boilers 
we are saving nearly 800 tons 
of coal per year. Our overall 
efficiency is over 84 j>er cent. 
We use induced draught. 

(2) Two 30ft. by Oft. Lancashire 
boilers 100 lbs. working pressure, 
sprinkling stokers used, length 
of grates 3ft bins, dcadplates 


saving in fuel at the rate of 
0 cwts. per 12 hours shift- — this 
over the last six months. 

(7) Since reducing the length of 
our boiler grates from 0 ft. to 
4 ft., wc have saved 10 per cent, 
in fuel. 

(8) We have reduced our 30 ft. by 
8 ft. boiler grates from 0 ft. to 
3 ft. 9 ins., and have saved two 
tons of coal per week over the 
last 18 months. ■ 

(0) Have reduced boiler grates by 
>ne third : have reduced coal 
bill and stopped black smoke. 



perature, make black smoke im- 
possible, and increase both the duty 
and efficiency of the boiler. 

That the modified form of grate 
,is not of the bee-in-the-bonnet style, 
may be judged by the (fact that the 
Head of the Ministry of Munition* 
Inventions Board granted an award 
for this suggestion in November, 
1917, after three months exjieriments 
by Government experts. 

The following extracts from letter 
received from firms who have? adopted 
the 2 to 1 suggestion is an additional 
proof fliat big coal savings can be 
effected by using the same care of 


being 2 ft. 0 ins. long : engines 
800 ii.p. evaporation j>er pound 
of slack 9 lbs. 

(3) Three 30 ft. by 8 ft. 0 ins. ? 
boiler grates reduced from 0 ft. 
bins, to 4ft.: saving in coal 
over 20 per cent. 

(4) 30 ft. by 8 ft. 1 00 lbs. pressure :* 
reduced th^grates from 0 ft. to 
4 ft. : saving in my coal bill, 
equal to 140 tons per year over 
a period of 21 months. 

(5) We have three Lancashire 
boilers, 30 ft. by 8 ft., have 
reduced grates [from 0 ft, 0ins. 
to four feet : have made a 


(13) A battery of 13 boilers under 
treatment : grates arc being 
reduced 25 per cent. The firm 
on completion of alteration to 
the first boiler expressed them- 
selves as satisfied with the 
improvement. 

The most important conclusions to 
be drawn from the foregoing may be 
summarised as follows : — 

The temperature of combustion % 
constant, but too high for stfam- 
raising ; but with a constant supply 
of air, say 18 lbs. per pound of co$j[» 
the resulting temperature is also 
constant, every pound of excess of 
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air is directly or indirectly equivalent 
to an additional 1 per cent, loss in 
fuel. f 

A flame flued boiler gives its 
highest duty and efficiency when the 
tire-grates are not more than twice 
the area of the outlet ^or the products 
of combustion at the ends of the 
furnace flues. 

The terminal temperature alone is 
no guide to a boiler’s efficiency or 
duty, a boiler is giwng the best 
results which has the greatest 
difference between its initial and 
terminal temperature. $ 


Some Essentials to be 
Reipembered 

Do not use more than four shovel* 
fulls at a stoking. Keep the bars 
well covered, especially at the back. 

Do not let the steam gauge indicate 
when to tire, nor let the chimney tell 
the smoke inspector, when the boiler 
has been fired. 

Stoke when the tires are at their 
best, but never stoke when the 
chimneys still smoke, since this is a 
sure indication that the tires are not 
hot enough to ignite the gases, and 
more coals only make had worse. 


Do not keep the furnace doors 
open for any purjx>se longer than can 
possibly be helped. 

Do not forget that a (ire grate 4| 
ft. long is more economical than one 
(» ft. long. 

Finally, remember that the nbty’e 
suggestions are the outcome of 
practical experience, and if adopted 
will reduce work, save the employers 
money, give a purer air for all to 
breathe and assist the Government 
in its present difficulties, 


Some Practical Notes and Observations on Land 

Type Boilers 

By Captain H. .!. WELLINGTON, M.C., A.M.LMech.K., A.M.l.A.E. 


At a recoil meeting of the Association of Engineers - in - Charge Captain 
Wellington read a paper r evincing in a very practical manner the principal 
types of land boilers, dealing with some of the leading features of each 
type. We reproduce below the first portion of Captain Wellington's paper. 


W HEN one starts talking 
about boiler efficiency, 
one is on rather 
dangerous ground ; we 
must approach thfc 
question either frory the point of 
view of : — • 

(1) Test efficiency : op 
(2) Normal working efficiency. * 
As regards test efficiency, reliable 
figures are available of* tests on 
modem boilers that show a combined 
efficiency of boiler, superheater and 
economiser equal to 85 per cent. Of 
course, this is working under ideal 
conditions and with very high grade 
coal. 

When one comes to investigate the 
working efficiencies of bofler plants it 
will be found that Nothing like this 
figure is approached, and* that 
eminent engineer, Mr. David Brownlie, 
stated in a recent paper he read 
before the Institution of Mechanical 
Engineers, that during a complete 
scientific investigation of over 400 
boiler plants m Great Britain, he 
found the average working efficiency 
of the plants .was 58 per cent. : that 
will give you a rough idea of the 
appalling igaste of coal going on 
every day. , * 


am not suggesting that this 
average figure of 58 per cent, for 
these 400 plants could be brought up 
to 85 per cent, efficiency, but with a 
little care and careful supervision on 
the part of the engineers- in-charge, 
this figure could easily be raised to, 
say, 05 per cent, at least, and possibly 
more. 

Lancashire Boiler 

Irt dealing with smoke-tube boilers 
I take the Lancashire boiler first, as 
undoubtedly for medium sized re- 
quirements this is the most used 
boiler in the United Kingdom to-day. 

The Lancashire boiler was invented 
by Sir Win. Fairbairti, in 1844, and 
except for details it is to-day un- 
• charged from the original design, and 
still remains one of the most successful 
types ever invented. It is, as you all 
know, a cylindrical intern ally- fired 
’ boiler with’ two or more flues and is 
set in brickwork, the fuel being 
burnt on the grate at the forward 
end of the flue. The hot gases pass 
along the remainder of the flue into 
the combustion chamber at the back 
end and thence along a brick flue 
immediately under the boiler to the 
front of same, where the gases divide 


and pass along two brick side-flues, 
either direct to tlic chimney or, in 
the case of an economiser l>eing 
installed, the gases pass through this 
Indore reaching the chimney. 

Occasionally one finds the path of 
the gases being reversed and passing 
along the side-flues first, and finally 
under the boiler (as in the case of a 
Galloway boiler, wherein this is done 
for special reasons), but this practice, 
in the case of Lancashire boilers, is 
not to be recommended. 

Not very long ago 1 found that 
some Lancashire boilers that had 
been installed about 50 years ago, 
and were being pulled out, had 
simply been placed in a pit, and the 
gases, after leaving the internal flues, 
just went into the pit under the 
boiler and away to the chimney ; it 
is not to be*wondcred that the owners 
of these boilers were complaining 
bitterly at their fuel bill. 

Up to 1902, the usual practice was 
for Lancashire boilers to have flat 
ends stiffened by a number of gusset 
and longitudinal stays, and this type 
of boiler is still largely made to-day, 
the front ends being fastened to the 
shell plates by an external angle 
ring : the back-ends, however, are 
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flunked in w'.'irrls and riveted to the As regards the* lile ot a boiler and tire no gusset stays to hinder thb 
shell. The reason 1 refer to the prevention of grooving and sundry work. 

different methods of fixing the front troubles, a great rival depends on the the dish-ended boiler is, of course, 

and back ends is that in the pursuit fitting of the gusset stays, and in a cheaper to manufacture for many 

of my profession I have been surprised Lancashire boiler made by a reputable reasons, tne chief one being that there 

at the number of engineers that have maker, as much care has been taken are no gusset stays to fix, which 

not (he least idea of the reasons for in lifting these stays as in fitting represents a large proportion of the 

this difference. The reason for the the main bearings of a high class manufacturing costs, 

er/ds of Lancashire boilers being engine. The end plates are usually The dish-ended boiler is also a 

different, is that in a well designed staved with from >i\ to nine gusset much neater job than a fiat-ended 
Lancashire boiler at least J0.j in. stays. boiler, and also the inverted furnace 

should be allowed between the furnace About MMgJ, Mr. John Thompson, mouths are a great advantage, as 
rivets, and the rivets of the gusset of Wolverhampton, introduced his they allow thiffires to be further back 
stays in order to allow breathing dish ended self-staying boiler, which in the boiler, thus preventing over- 
space, and also to prevent, grooving, has proved most satisfactory and is heating of the end plate and tending 



Section through Yorkshire Boiler Il»lds.>»rth & Sons Ud. 


and if the front end where the furnace largely used to-day. Hot h the front to stop gror^ving^ which is a trouble to 
is largest in diameter were flanged and back ends are dished to a cfflivex* be guarded against in the* Lancashire 
inwards and riveted, it would be form and increased in thickness to type dt boiler. 

destroying valuable space* and would give the required factor of safety, The she# of a modern Lancashire 
cause trouble. With the back end it • and here all gusset and longitudinal boiler usually contains five or even 
would be unpractical to have an stays are dispensed with. Greater * less belts, each pe\t being a single 
angle iron riveted to the shell as the freedom is allowcdjfor the unavoidable plate ; in older pattern boilers often 
hot gases in the combust ion chamber expansion and contraction strains set six or more belts were used and were 
would soon bum this away and cause up in all internally-fired boilers, and made up of two plates and sometimes 
trouble, but space at the back end is the rivets connecting the end plates to four. 

not at such a premium, for the steel and flues are subject to a shear- Corrugated flues are now often 
furnace flues taper towards the back ing, instead of a tensile strain. Also it fitted to the Lancashire type of boiler, 
end, and this easily gives the 10 J in. is easier to clean the end plates and steel but care should be exorcised when 
required. plate nearest the end plates, as there specifying these to ensure that they 



1 

4 

t 

» ’151 

I T4 D U S T R 

I A. L 

1 N D 1 

l A 



Dish -ended Boiler ],>U<\ I ( H'-./iy ■> lumfh'oii) //,/. 

are made with proper corrugated and supported by stays, mi similar 
rolls, and not pressed in section under lines to a wet-back marine boiler, 
hydraulic presses. A battery of this type of boiler has 

A very easy and reliable way to just recently been installed in the 
arrive at the evaporation of a Lanca- New County Hall, Westminster, for 
shire boiler is to multiply the grate heating purposes, 
area by 140 ; this is based on burning fj 

20 lb. of fuel per square ft. of grate* 

area, and assumes that each pound Yorkshire Boiler; 

of fuel evaporates 7 lb. of water. The Yorkshire boiler is built on 

The remarks with reference to the similar lines to a Lancashire, but is 
Lancashire boiler apply in every wa\ # shorter, and the thus instead of 
to the Cornish boiler. The only tapering towards the back end expand 
difference between the two boilers is from the front to the back in the 


than with taj)ering Hues. The gases 
on leaving the furnace meet with a 
constantly increasing sectional area, 
and this decreases their density, 
which creates a good draught. 

Economic Boiler 

The Economic boiler, as its nafhe 
implies, is an economical and efficient 
boiler ; it is really a dry back marine 
boiler adapted to land conditions and 
set in brickwork. 

This boiler was first introduced 
some 40 years ago by that eminent 
engineer, Mr. J a lifts 1’axman, the 
founder of the firm of Davy, Paxtnan 
& Co., of Colchester. It is a 
cylindrical, internally lircd boiler with 
either one or two lines, according to 
si/.e ; the products of combustion 
pass through the lines as in a Lanca- 
shire boiler, and into a brick com- 
bustion chamber at the back ; the 
gases then return through smoke 
tubes to the front of the boiler into a 
smoke-box, where they are divided 
and finally pass along brick side-tlues 
t.o the chimney, so that the gases 
are passed twice through tile boiler 
and once round the outside of the 
shell. The makers claim an efficiency 
of 75 per cent, for this boiler, this 
being between 10 and 15 per cent, 
greater than that obtained normally 
from the Lancashire. This high 
efficiency is ehietly due to the large 
heating surface, and the fact that 


that the Cornish is a smaller boiler proportion of two to three. The the gases are passed twice through 
and* has only one flue, whereas the k-nifth of a Lancashire is generally the boiler, and the maximum amount 
Lancashire has tw r o Hues. • 5 A # tiim*s its diameter whereas the of heat is extracted from the gases 

Yoiksliire is onlv 21 times its diameter, before they pass to the chimney. The 

Cornish Multitubular Boiler This cxpa.ision* of* tlu- lines gives a temperature of the Rases leaving an 
• . proportionally larger heating surface Economic boilei is between 450 ueg. 

There is also a type of boiler call<^l 
the Cornish Multitubular type, or 
sometimes referred to as the com- 
bined flue and tubular type boiler, 
which is really a hybrid boiler. This 
type of boiler is ail elongated type of 
Cornish boiler, the front half of which 
is like an ordinary Cornish boiler;, 
then comes the tube plate, and tlu* 
gases are carried by means of smoke- 
tubes to a smoke-box at the back end 
of the boiler whenoe they pass to ^ 
the chimney. This boiler is ^chiefly 
used for heating installations. 

Gunboat Boiler 

Another type of boiler somewhat 
similar to the, Cornish Multitubular 
is the Gunboat boiler, which is a long 
boiler on the same lines as the Cornish 
Multitubular,* except that between 
the end of the flue and the tube 
plate in th% centre of the boiler is a 
steel combustion chamber suspended 



Back View of Yorkshire Boiler 
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and 475 deg. Fahr., this being 
sufficient to create a good draught, 
whereas the temperature of the gases 
leaving a Lancashire boiler is generally 
between fiOO deg. and 700 deg. Fahr. 
To put the comparison in a nut-shell 
as regards efficiency, the Kconomic 
boiler is equivalent to a Lancashire 
boiler with an economiser, but 
occupies about half the space required 
by a Lancashire boiler, and about 
one third of the space of a Lancashire 
with economiser. 

I'or purposes of comparing size, 
it is found that the evaporation of an 
Kconomic boiler <?f 14 ft. by 7 ft. tt in. 
is about the same as that of a Lanca- 
shire boiler of IM) ft. by 7 ft. 

There is not much difference in the 
cost of Economic and Lancashire 
boilers but a considerable saving is 
effected in the brickwork of the 
Economic owing to it being only 
half the length of the Lancashire. 

Some very line results as regards 
evaluation have been attained with 
this type of boiler, and in an inde- 
pendent test by Sir Alexander 
Kennedy, an evaporation of 12.2 lb. 
of water ]xr pound of coal was 
obtained, from and at 212 deg. Fahr. 

Many engineers are at first rather 
shy of the smoke tubes, but provided 
proper care is given to the boiler 
these should certainly not give any 
trouble for the first 15 years, and I 
personally know of two boilers of this 
type in London, which were put in 
20 years ago, and construucted for a 
working pressure of 200 lb. per square 
inch, and are to-day working at that 
pressure with the original tubes. 
Should it, however, Ik? necessary, say 
after 15 years, to re-tube a boiler, 
this is not a very formidable task 
and can be done in four days by a 
skilled boiler-maker and his mate. 

The Kconomic boiler is certainly 
not quite so easy to clean as a Lanca- 
shire boiler, but with a little care 
and ingenuity this can be accom- 
plished quite easily. In the design 


of these boilers special care has been 
paid to accessibility, and it is quite 
easy in a moderate sited boiler for a 
man of average proportions to enter 
at the bottom manhole, and climb 
up between the furnaces and the nest 
of tubes, and come out at the top 
manhole. The tulx?s are arranged in 
two nests, witlf a space between 
them, this space being above the 
space between the flues and of 
sufficient width to allow a man to 
get through. 

The makers state that provided 
the feed water does not exceed 20 
per cent, of hardness and the boiler 
is properly looked after, periodically 
cleaned, regularly blown down, and a 
reliable boiler fluid used, no harm 
will be done, and that has been my 
experience ; but 1 am always in 
favour, whatever type of boiler is 
used, of having a water softener 
installed, as it undoubtedly pays for 
itself in every way, and with an 
Economic, the saving in cost of the 
economiser will more than pay for a 
water-softening apparatus. 

The staying of the end plates, 
which are flanged inwards, is effected 
by longitudinal stays and stay tubes ; 
that is to say a certain proportion of 
the tubes are screwed into the end 
plates instead of lxdng riveted and 
thus gusset stays can lx? eliminated. 

The argument against the Kconomic 
boiler that I have often heard ad- 
vanced, is that it has a small reserve 
steam as compared with a Lancashire, 
and this is supposedly a disadvantage 
where a boiler is required for an 
intermittent load. Personally, f do 
not see the force of this argument, 
for another pound of steam has to be 
generated for every pound that is 
taken from a boiler in order to 
maintain the pressure, and therefore, 
as the Economic boiler is a quicker 
steaming boiler than the Lancashire, 
it should be better in this respect. 

The Economic boiler is also made 
in other modified forms, namely, the 


semi self-contained type and the self- 
contained type. 

In the semi self-contained type, 
there is# no brick setting, with the 
exception* of the combustion chamber 
at the back ; the gases after passing 
through the smqke tubes come into a 
marine uptake, and are led straight 
to a steel chimney. The advantages 
of this type are that it is more or less 
a semi-portable boiler and also takes 
up even less space than a brick-set 
Economic, alffo costs dess to instal 
and there is not the necessity to have 
a brielf shaft, as a steel chimney can 
be mounted on to the marine uptake 
smoke box. 

In the entirely self-contained type 
all brick-setting, including the com- 
bustion chamber, is obviated ; the 
boiler shell is extended to form the 
combustion chamber, this being lined 
with fire bricks. In other respects it 
is similar to the semi self-contained 
type*. The self contained type of 
boiler 'is very suitable for export work, 
where it is impossible to obtain skilled 
labour for the erection of the boiler 

As regards efficiency, it would be 
expected that this is lower in the 
semi self-contained Kconomic boiler 
than in the brick-set type. But 
experience has proved that when the 
three types of boilers have been 
tested over a straight run of, say, eight 
hours, there is practically no difference 
‘in their efficicnces. The reason for 
this I put down to the fact that after 
the gases leave the smoke-box their 
temperature is such that they are 
unable to impart much, if any, 
additional heat to the shell of the 
boiler, but the gases in the side flues 
act as a 1Q0 per cent, lagging, and it 
w>ill be found that the banking losses 
on the semi self-contained and self- 
contained types are greater than 
with the brick-set type ; of course, 

I am assuming that the semi self- 
contained and self-contained types 
are lagged with at least 2 in. of 
suitable asbestos lagging. 


WATER POWER PROGRESS IN GREAT BRITAIN 


A large and important hydro- 
electric scheme for Scotland was 
recently auctioned by Parliament. 
This settle covers a large area of 


the Grampian Hills, and involves 
the raising of the water level of more 
than one well-known Scottish Loch. 
There will be four power stations, 


capable of giving a continuous supply 
of fifty six thousand horse power. The 
electricity so produced will be distri- 
buted over a wide area for till purposes. 


Conducted by HARTLAND SEYMOUR 


THIS SECTION DEAL^ WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


International Labour Conference 

# By G. M. BROUGHTON, M.A., O.B.K. 

(Adviser, Labour Bureau, Department of Industries, Government of India.) 

In the following article Miss Broughton deals with the different items discussed at the 
third International 1 .about Conference, which was held at Geneva with Lord Burn 
ham as President , and delegates and advisors from practically all over the World 


R EADERS will perhaps be 
interested in a brief account 
of the origin of the Inter- 
national Labour Organisa- 
tion and of its functions. 
The Peace Treaty signed at Versailles 
established, as an integral part of it, 
an International Labour Organisation. 
No small credit for this achievement 
is due to the British Government and 
particularly to Mr. G. H. Barnes, one 
of Great Britain’s delegates at the 
Peace Conference. The objects of 
this organisation may perhaps best^ 
be summarised in the words of Mr. 
Barnes himself. In an essay that he 
contributed to Mr. Solono's book 
entitled " Labour as an International 
Problem," he writes : " The Con* 

ference holds in it Jhe seeds of a 
vast and far-rcaching •ntcrn.ltional 
combination, not only of workers, but 
of Governments and employers ; in# 
deed of all the human forces of in- 
dustry. The express objeet of their 
co-operative effort is to establish the 
production of wealth throughout the 
world on a foundation of justice and 
welfare for the workers." This pro- 
phecy is already in process of being 
fulfilled. Governments’, employers’ 
and workers’ delegates at Geneva all 
proved that they were actuated by 
the desire tp establish the well-being 
of those engaged in agriculture and 
in industry on a sound humanitarian 
foundation. At times they differed 
as to how this end was to be achieved 
but, in spite of ^;hese inevitable 
differences, they invariably treated 
the opinions of opposing parties with 
courtesy and respect. The impor- 
tance of thu$ bringing together in 
one assembly Government represen- 
tatives and* employers and workers 
can scarcely De over-estimated. Tty!te 


can be little doubt, to quote the 
words of Lord Burnham, that " this 
international assembly is destined to 
wield an influence of paramount 
importance in the industrial affairs 
of the whole universe." 

The Agenda 

We may now examine in detail 
the items on the Agenda of the third 
International Labour Conference. 

These items covered a large range of 
subjects, but the chief aim of the 
majority of them was to secure, as 
fJr as ]>ossible, for agricultural 

workers benefits similar to those 
which the Washington Labour Con- 
fereycc had recommended on behalf 
of industrial workers. There are, 

however, many practical difficulties 
rendering it almost impossible to deal 
with both these classes of workers in 
the same way, though it may be 

ethically indefensible to make any 
distinction between them. Industrial 
workers are, on the whole, a fairly 
compact body organized to a greater 
or a lesser extent. Legislation can 
* both be passed and enforced affecting 
the conditions of their employment. 
The case of agricultural workers, 
especially in a vast country like India, 
tfs very different. The workers are, 
on the whole, unorganized and even 
if the attempt were made to pass 
legislation to improve their conditions 
*of work, it* would be impossible to 
enforce it without creating so large 
an inspecting staff, that the cost of 
salaries alone would be an intolerable 
burden on the State. Again, factories 
and factory conditions are, within 
certain wide limits, approximately 
the same throughout the world, 
while there is the greatest diversity 


in agricultural conditions in different 
countries. legislation, therefore, that 
is feasible for one country, may be 
quite impractical in another with 
differing conditions. 

Such then were some of the difficul- 
ties with which the Conference found 
itself confronted in its attempt to 
level up the conditions of employ- 
ment of agricultural workers. That 
the attempt was made, however, 
shows that the subject is worthy of 
serious consideration, and may be 
taken as a sign that all classes of 
workers throughout the world are 
determined to improve the conditions 
under which they have to live and 
work. Consequently, even though it 
may not yet be a question of practical 
politics in India to give immediate 
effect to all the recommendations and 
draft conventions passed at ( Geneva, 
yet the time will undoubtedly conic 
when this country will be required to 
satisfy the other countries of the 
world that it is doing everything that 
is possible to ameliorate the lot of 
agricultural workers. 

Agriculture 

vSeven recommendations and three 
draft conventions were passed relating 
to agriculture. Of these two recom- 
mendations dealt specifically with 
women, nan^ly, with their protection 
•before and after child-birth, and with 
their employment at night. The 
night work of children and young 
persons formed the subject of a 
sepai ate recommendation. The other 
four related to measures to be taken 
for the prevention of unemployment, 
the development of technical educa- 
tion living-in conditions, and social 
insurance. The three draft conven- 
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tions dealt with the age of admission 
of children into agriculture, rights of 
association and combination and 
workmen's compensation. Before 
dealing with each ot these in turn 
tile difTereiicc between a draft con 
vention and a recommendation may 
he noted. A draft convention cm 
bbdics in a rigid form the resolutions 
carried hy a two thirds majority of 
the votes of the delegates at a frdl 
session of the Conference, Kach 
country belonging to the organization 
has then to bring the matter before 
its own legislature. If it is accepted 
then the country " ratifies ” the 
convention, and has to proceed to 
see that every detail is duly enforced. 
If, however, the Legislature refuses 
ratification no further obligation rests 
with the State. A recommendation 
is more general in its terms than a 
convention, and is capable of modifica- 
tion to suit the particular conditions 
and stage of advancement of each 
country. But it too lias to be sub 
mitted’ to the Legislature. The Inter- 
national Labour Organization has no 
power to compel any country to 
ratify any draft convention, or to 
accept any recommendation. It can, 
however, appeal to international 
public opinion and there can be little 
doubt that by educating and voicing 
such opinion it will ultimately effect 
a considerable improvement in labour 
conditions throughout the world. 

Hours off Working 

Reverting now to the draft con- 
ventions and recommendations relat- 
ing to agriculture detailed above, it 
should be mentioned at the outset 
that the Geneva Conference was 
compelled to delete from its agenda 
the item relating to the regulation 
of the hours of work. This was due 
largely to the opposition off the 
French (Government, who were 
strongly supported by the »Swiss. 
The French (Government had also 
objected to the inclusion of the other 
agricultural items on the agenda, 
but they were unsuccessful in their 
attempt to show that the Conference 
had no authority to deal with such 
matters and that, in any, case, it was 
inexpedient that it should do so.. 
Accordingly among the other agricul- 
tural items the question off the 
prevention of unemployment in 
agriculture came up for discussion 
and a compiehensive recommendation 
containing many practical* sugges- 
tions waa passed. 

At tyjtfitiingtott draft conventions 
had also been passed relating to (1) 


the employment of women before and 
after child" birth ; (2) the employment 
of women during the night ; (3) the 
minimum age of admission of childien 
to industrial employment ; (-t) the 

night work ot young persons employed 
in imlnst i v. All these points weic 
again raised at (Geneva with special 
reference to agricultural workers, but 
owing to the difficulties already 
mentioned, the Conference had to be 
content with recommendation only, 
except in the case ot the minimum 
age of admission, where a draft con- 
vention was passed. 

Maternity Benefit 

The question of granting maternity 
bene lit. to women agricultural wage- 
earners aroused much interest. The 
difficulties in the way of raising 
sulficieut funds, and of administering 
them were scarcely given any weight 
and a ii commendation was passed 
urging members " to take measures 
to ensure to women wage-earners the 
right to a period of absence from 
work before and after child-birth, 
and to a grant of a benefit during 
the said period, provided either out 
of public funds, or by means of a 
system of insurance.” Most countries 
have found it impossible to ratify the 
Washington convention passed tor 
a similar purpose for industrial ( 
workers, where the numbers affected 
ate much smaller. India was not 
called upon to ratify it, but to make 
an enquiry into existing conditions. 
This was done and a report submitted 
which was laid before the I Geneva 
Labour Conference. The report was 
favourably received as it clearly 
indicated that so far as women 
Government employees were con- 
cerned, that the (Government of 
India, and provincial (Governments 
were willing to fall into line. The 
attempt to enlist the sympathy of 
employers and to organize further 
enquiries was recognized as showing * 
dearly the sympathetic attitude of 
the (Government to these proposals. 

The prohibition of the employment 
of women and young persons at Might* 
was found to be impractical as far as 
agriculture was concerned. Two re- 
commendations, however, were passed . 
to ensure a period of rest of not less 
than nine liouf* for women and 
young persons between the ages of 
14 and IS. while children under 
fourteen were to have not less than 
10 hours. Those acquainted with 
agricultural conditions out here will 
realize how extremely difficult it 
would be to enforce these recom- 


mendations. As a statement of the 
physical needs of workers they deserve 
the respectful consideration of em- 
ployers* 

The draft convention concerning 
the age for admission of children to 
employment itr agriculture is based 
on the assumption of a compulsory 
educational system. As compulsion 
does not yet prevail in India, it is 
inapplicable here. The draft conven- 
tion relating to workmens com- 
pensation aiul the recommendations 
concerning social insurance against 
siekmvs, invalidity, and old age are 
also at present outside the range 
of practical politics in India. 
Similarly, the recommendation flat- 
ting to living-in conditions can 
scarcely have much practical result 
out here. 

The prevention of anthrax and the 
protection of women and children 
against lead-poisoning were dealt 
with at Washington. A further step 
in advance was taken in both these 
directions at (Geneva. India was 
more closely affected by the former 
than by the latter, for if the proposal 
that was before the Conference, 
namely, the prohibition of the import 
of all wool that had not been disin- 
fected were passed, a heavy financial 
burden would have been thrown 
immediately on the woollen trade. 

1 All wool, whether imported for re- 
export, or for use and manufacture 
in this country would have had to be 
disinfected at the places of evitry. 
Jndia’s vast land frontier and the 
large quantities imported from Indian 
State* males' such a proposition 
quite impractical. 

Largely as a result of the represen- 
tations made by Mr. (Gupta, the 
Indian (Government delegate, it was 
finally decided that before passing 
any definite recommendation further 
enquiry should be made into the 
economic as well as the humanitarian 
aspects of the question. Lor this 
purpose it was decided that a Com- 
mittee should be formed consisting 
of representatives of Britain, France 
and Germany itnd the United States, 
which are the main imi>orting coun- 
tries, and. India, Australia and South 
Africa, which are among the exporting 
countries. 


White Lead 

Discussion on the proposal relating 
to the prohibition of the use of white- 
lead in painting aroused much feeling, 
and it seemed unlikety that any 
satisfactory solution would be reached; 
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I)r. Legge, the British Government 
delegate was, however, largely in- 
strumental in bringing about an 
agreement. An agreed Draft Con- 
vention was drawn up, prohibiting 
the use of white lead in internal 
painting and making; certain regula- 
tions with regard to its use for 
external painting. Further women 
and young persons are to be prevented 
from using paint containing white 
lead. Much of the immediate utility 
of these beneficent •measures is 
rendered nugatory by the arrange- 
ment that the clauses relating to 
prohibition are not to take e fleet for 
six years. 

The draft convention relating to 
medical examination makes the en- 
gagement of a child or young person 
under IS conditional, on the pro- 
duction of a medical certificate 
attesting fitness for such employment, 
and also arranges that, in the case of 
continued employment, the child, or 
young person should be medically 
examined at least once a year. There 
should not be much difficulty in 
adopting this convention in India. 

The proposal of a weekly rest (lay 
for industrial and commercial workers 
follows naturally from the attempt 
made at Washington to introduce an 
S hour day and a 48 hour week. With 
regard to the former a draft conven- 
tion was passed, while in the case of 
the latter a recommendation was 
accepted whereby “ the staff em- 
ployed in a commercial establishment 
should enjoy in every period of seven 
(lays a period of rest comprising ;* 
least 24 consecutive Jjours.” 

The Voting* # 

In the discussions that arose Mr. 
Baldesi, the Italian Workers’ delegate, 
took the opportunity of making two 
bitter attacks, one on, the non- 
European countries, and one on the 
procedure of the Conference. The 
non-European countries, he asserted,# 
had formed a bloc “ to oppose those 
measures of social progress which had 
already been adopted in European 
countries.”* The injustice of this < 
accusation was easily demonstrated. 
Further an analysis of # the votes 
cast at the conference brings out very 
clearly the interesting fact that the • 
delegates from various countries did 
not vote jointly as units, but that 
there was a very strong tendency for 
the employers delegates to vote 
together, and for the workers to do 
the same. The employers sent 24 
delegates ^nd the workers 25, the 
Governments sent 69, which gave 


thefti in consequence in a great many 
cases the casting vote. On t he whole 
the Government delegates from all 
countries voted consistently on the 
side of securing to the workers the 
largest measures of social reform. 

The reform of the constitution of 
the Governing Body of the Inter- 
national Labour Organisation was 
the subject ot prolonged discussions 
in the Selection Committee, of which 
Mr. Chattel jee and Mr. Joshi were 
both members, as well as the most 
influential delegates, from all the most 
important countries. The question 
of reform arose out of the fact that 
very scanty representation had been 
accorded to non-European countries 

011 this body. It consists of 24 
members who are elected as follows : 

(1) 8 members representing the 
Governments of the eight coun- 
tries of chief industrial im- 
portance. 

(2) 4 Government members elected 
by the countries other than the 
eight which fall into the first 
group. 

(B) (i members representing em- 
ployers, and elected by the 
employers’ delegates. 

(4) 6 members representing workers 
and similarly elected. 

As a result of the elections at 
Washington in 1919, non-European 
ffmntries only secured 4 out of the 
24 places. 

Ift the Selection Committee 
up|y>intcd at Geneva to discuss this 
point* Mr. Chatterjee was able to 
make out a strong case for the non- 
European countries, and received 
very valuable support from Canada 
and Chile. Finally, a proposal was 
carried in the Conference, that of the 

12 Governments represented on the 
governing body. 4 should be from 
overseas countries, and ol the 0 
employers and of the 6 workers, at 
least one in each case should be from 
an oversea country. 

In addition to securing a fairer 
representation of non-European 
countries, the Geneva Conference 
passed no less than 7 draft conventions 
and 8 recommendations on very 
diverse subjects. This is no small • 
achievement in a meeting which 
lasted less than a month. 

The gathering consisted of 119 
delegates from 40 different countries, 
the delegates accompanied by 236 
technical advisers. At a full session, 
therefore, no less than 355 persons 
were present, and of these 119 had 


the right to speak and could abrogate 
their right in favour of their technical 
advisers. Each speech had to be 
delivered in French or English, and 
where the delegate did not know 
either of these languages he was 
permitted to speak in his own language 
and his speech was then translated 
into the two official languages. FrctyU 
this fact one can get a conception of 
some of the difficulties in the way of 
reaching mutual understanding. At 
the back of the difference in language 
lay the greater difference in outlook 
and temperament arising out of the 
varied nationalities piesent. The 
success of the Conference was due 
partly to the effective desire on the 
part of all delegates to achieve 
definite results, and also in a large 
measure to the President. I/>rd 
Burnham acted throughout in a 
strictly impartial and judicious 
manner, but who, at the same time, 
delivered his rulings with so much 
urbanity that even the most refrac- 
tory delegate willingly bowed to 
them. 

India's Influence 

India too may well be proud of its 
achievements at Geneva. It sent an 
entirely Indian delegation, which 
secured representation on all the 
important Committees, in which the 
detailed business of the Conference 
was transacted. The Indian re- 
presentatives were thus able to exer- 
cise considerable influence. The fact 
that India took her place on an equal 
footing with the other countries of 
the world, strengthened her claim to 
be given an active share in the 
administration of the International 
Labour Organisation. The views 
expressed by the Indian representa- 
tives always received careful con- 
sideration, and the members of the 
Indian delegation themselves were 
treated with marked cordiality by the 
delegates from the other countries, 
especially from the Dominions. There 
is still much ignorance about Indian 
conditions, and affairs even among 
highly educated persons outside India. 
Many opportunities naturally arose 
in so large a gathering for correcting 
misapprehensions, and for shewing 
that the great world movement for 
the betterment of the conditions of 
workers had not left India untouched. 
Finally, it may fairly be claimed that 
the prominent part India is taking 
in the # affairs of the International 
Labour Organization, lias raised her 
status very considerally in tl^e comity 
of nations. 
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First World Power Conference 


I T has been tlu* dream of the 
sage and the soldier, of the 
philosopher and the prophet to 
discover some common ground 
on which man could stand 
united. They have all failed ; but 
where they have failed, success per* 
haps may yet by won by the con- 
certed efforts of the scientist, the 
engineer and the industrial organiser. 

In a century Kurope has been 
transformed, socially and industrially, 
by the discoveries and applications of 
science. Little more than a hundred 
years ago, men were as they had been 
for countless generations, dependent 
for motive power on the winds of 
heaven, and the easily fatigued body 
of man and beast. To day this force 
is derived from the Power of Man to 
direct the physical, chemical, electric 
and radio-active energies of Nature 
to his own use. 

Without realising it, the nations 
of the world have become inter- 
dependent, international, in their 
interests, because their very life 
depends upon the speedy conveyance 
and handling of commodities vital 
to their existence. 

The essential and varied " needs ” 
of all classes in civilised countries are 
met by the complicated processes of 
scientific industry that require raw 
materials from the ends of the earth. 
The balance of production and con- 
sumption can never again be a 
matter that concerns merely an 
isolated nation, or a few* ; inter- 
national production must he adjusted 
to international consumption. 

Wars, and particularly the Great 
War, have upset the balance between 
world consumption and world pro- 
duction, and consequently the inter- 
national, financial and economic 
balance. History has repeated itself 
by showing that political conferences 
are as powerless to provide employ- 
ment, as economic conferences are to 
revive industry. 

Surely it is not unreasonable to say 
that a Balance of Power amongst 
nations can be achieved only by the 
co-operation with statesmen, of 
engineers, scientists, manufacturers, 
merchants and financiers, £or the 
interdependence of nations is attribu- 
table tot science an ^ engineering, to 
trade amL4nance. 


The industrial. centres of the world 
have much to teach each other. Which 
is most advantageous— -to keep their 
secrets in the family and guard 
them for competitive exploitation, 
or to combine in the technical field, 
so that their united force may the 
more rapidly proceed with the con- 
quest of nature ? This is a question 
which a World Power Conference may 
intelligently answer. 

If an international feeling of securi- 
ty can he established, production can 
be carried on in a friendly competi- 
tion for excellence and improvement. 

Co-operation within national 
borders has achieved results of which 
our forefathers never dreamed, in the 
elimination of waste and tlu* improve- 
ment of production, at the same 
time safeguarding individual enter- 
prise and initiative. Internations co- 
operation will achieve yet greater 
results, results stupendous in their 
effects, and yet more stupendous in 
their possibilities. 

The object of the World Power 
Conference is to consider how the 
industrial and scientific sources of 
Power may he adjusted nationally 
and internationally. By considering 
the potential resources of each country 
in hydro-electric power, oil and 
minerals ; by comparing experiences 
in the development of scientific agri- 
culture, irrigation and transportation, 
by land, air and water ; by con- 
ferences of civil, electrical, mechanical, 
marine and mining' engineers, 
technical experts and authorities on 
Scientific and Industrial Research ; 
by consultations of the Consumers of 
Power and the Manufacturers of the 
Instruments of Production ; by con- 
ferences on Teehnnical Education to 
review the methods of education in 
different countries, and to consider 
means by which existing facilities f 
may be improved ; by discussions on 
the financial and economic aspects of 
f industry nationally and inter- 
nationally ; and lastly . by con- 
ferences on the possibility of estab- 
lishing a Permanent World Bureau, 
for the collection of data, the pre- 
paration of Inventories of the World's 
Resources, and the exchange of 
industrial and scientific information 
through appointed representatives in 
the various countries. 


Under the Presidency of the Earl 
of Derby, the Conference is to be held 
at the British Empire Exhibition in 
London, during the summer of 1924. 
Among the • Vice-P»esidents, and 
members of the Grand Council and 
Scientific and Technical Board are the 
names of many distinguished gentle- 
men, some well-known as heads of 
great industrial organisations, others 
as leaders in the scientific world. 

Arrangements are in progress for 
the formation of co-operating bodies 
in the British Dominions, and in 
other countries of the world. 

The British Electrical and Allied 
Manufacturers' Association is re- 
sponsible for the promotion of the 
Conference, and Mr. D. N. Dunlop is 
the Organising Director. 


The Utility of Dissolved 
Acetylene 

The other day we were privileged 
to attend a luncheon held at the Hotel 
Cecil in London, and given by Allen- 
*Uversedge, Ltd., for the purpose of 
drawing attention to the utility of 
dissolved acetylene. After the 
luncheon an industrial film was 
shown to illustrate the possibilities of 
this “ wonder gas.” The interested 
observers h%d an opportunity of 
seeing how^he gas was made, how the 
cylinders were filled, the compressing 
process, and were then shown applica- 
tions of .the “ wonder gas ” in 
connection with lighting, lead-burning 
soldering apd sweating, brazing, weld- 
ing, ship repair work and the cutting 
of cast iron. 

Two illustrations showed a recent 
development of dissolved acetylene in 
which it is combined with oxygen for 
cast-iron cutting, and also the welding 
of a main ntfast in a Londpn shipyard 
by dissolved acetylene combined with 
oxygen. In order to explain precisely 
what acetylene is, and what dissolved 
acetylene will do, Messrs. Allen- 
Liversedge, Ltd. , % have published a 
book entitled “ The Romance of 
Acetylene,” written tty Mr. Thomas 
Gaskell Allen, B.A., F.R.G.S., and will 
be pleased to supply a copy to any 
interested reader, who applies to the 
firm at 106, Victoria Street, West- 
minster, London, S.W.l. 


TRANSPORT 

Conducted by 14 M.Inst.T." 


THIS SECTION DEALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
« I! • THE MANAGEMENT AND CONTROL OF RAILWAYS :i 


•Economising M.T. Costs 

To keep Motor Vehicle Operating Costs down to a minimum, and 
to ensure the highest service economy, it is essential most carefully 
to study the arrangement of Commercial Motor Transport. 


I N a recent lecture, Mr. W. II. 
Gaunt, O.B.K., M.Inst.T., Dis- 
tribution Manager of Messrs. J. 
Lyons & Company Limited, 
the great British catering firm, 

said : 

“ The door to door principle Is 
the greatest advantage which the 
motor has over the railway," and it is 
upon this text that I propose to base 
a few general remarks upon the 
urgent need for economising transport 
costs in connection with the employ- 
ment of motor vehicles for com- 
mercial purposes. 

There can be little doubt that, # 
until quite recent times, insufficient 
attention has been paid to the 
avoidance of delays to motor vehicles 
by the institution of labour-aiding* 
devices which would enable them to 
" turn round " more fyij^kly, but as 
was evident from a paper read at a 
recent meeting of the Institution o£ 
Automobile Engineers, the matter is 
now being viewed from a new and 
more promising aspect. The paper to 
which I refer was entitled “ Loading 
and Unloading Devices Tor Com- 
mercial Motor Vehicles," and therein 
it was pointed out that the standing 
charges of a 3-ton vehicle, under 
British conditions, may amount to 
about 30s. per day. Assuming then, 
that the mileage covered Ls*90 per day, 
the standing charges arc responsible 
for 4d. per mile, and if, owing to 
terminal delays, the possible mileage 
is reduced to 60, the standing charges 
go up to 6d. per milt, representing a 
constant loss of 2d. per mile. It 
only needs a simple calculation to 
show what a relatively large annual 
waste this would involve. If the 
yearly mileage is 12,000 per annum, 
2d. per mile represents an annual 
expenditure * of £100, which is *a 


sufficiently important item to justify 
considerable capital expenditure in 
loading and unloading equipment 
with a view to its elimination. 

The author of the paj>er to which 
reference has been made, also said 
that there was no way in which it 
was now possible to bring about im- 
provements in road transport 
efficiency so readily, as by educating 
the user to an appreciation of the 
importance of this matter of terminal 
delays. In very many eases in which 
results obtained with the first vehicle 
have been insufficiently good to 
justify further purchases and the 
strapping of horsed vehicles, the 
comparative failure is directly trace- 
able Jo lack of organisation for loading 
and unloading. The main thing is 
to g*t i he motor user to realise that 
lie is often throwing away at the 
terminal points far more money than 
lie is saving by the exercise of the 
greatest possible care and economy 
in the selection and maintenance of 
his pellicles, as the expenditure re- 
presented by idle time is in most 
instances immeasurably greater than 
any saving that can conceivably be 
# made in such items as fuel cost. 

Developments by British 
Railway Companies 

* There, in two or three sentences, is 
the indictment, and few of those 
sufficiently alive to the difficulties 
.would say .it is too strong. The 
trouble is to get motor users to 
appreciate the real facts of the case. 
If the motor vehicle is to perform its 
transport function in the most 
economical manner, it must not only 
act reliably under service conditions, 
but it must be kept from “ eating 
its head off " to no advantage. Thus 


arises the necessity for the provision 
of suitable equipment at loading 
stages, the installation on the chassis 
itself of adequate lifting tackle, where 
such can he given profitable use, and 
the adoption of specially equipped 
detachable bodies to cut out, or, at 
least, to minimise very considerably, 
the time taken in loading and un-. 
loading. 

It is a peculiar fact, but neverthe- 
less the truth, that British Railway 
Companies have probably done more 
to eliminate wasted motor transport 
energy than those transport firms who 
use motor vehicles exclusively. 
Following up their long -established 
methods of speeding up the turn- 
round of wagons, the railway com- 
panies have adopted a system of 
demountable flats, under which it is 
possible for a load to be transferred 
in a few minutes. These demountable 
flats are usually fitted with self- 
aligning ball-bearings, the use * of 
which facilitates the handling of the 
flats, especially in their loaded con- 
dition. 

In this connection the J/mdon & 
South Western Railway Company 
have done splendid work. Having 
decided to introduce mechanically- 
propelled vehicles in lieu of horses 
for cartage work, they set themselves 
to the task of cutting out all avoidable 
warte, and to this end adopted a 
system in which " demountable flats ” 
and " stands trolleys " are integral 
•parts. These "demountable flats ” 
upon which goods traffic is placed, 
are adapted to be transferred between 
the " stand trolleys " and the actual 
road motors, and this enables the 
motor vehicles to be kept almost 
continuously on the move, at least in 
so far as the railway company is 
able to control this. The success of 
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the system is indicated by the fact 
that the average weight carted ]>t*r 
motor per day has been increased 
from H tons 5 cvvts. to nearly 11 tons. 
The motors used, which are of the 2 
and 4'ton types, are adapted for the 
transfer of " demount ible flats,” 
and are constructed by John I. 
Thornyi roft & Co. Ltd.. and by 
Karrier Motors Ltd. This is un- 
doubtedly one of the directions in 
which the ordinary road vehicle 
owner should move, as for a com- 
paratively small expense he can so 
widely extend the mobility of his 
vehicle. • 

A more recent development is the 
experimental use by the ('.l'eat 
Western Railway, of Knglaud, of 
Fordson tractors for hauling their 
heavy railway loi i ies between specified 
points in London. These tractors 
arc similar to those of the ” I'ordson ” 
type mentioned in the article on 

International Tractor Trials,” which 
appeared in the February and March, 
11)22, issues of Industrial India, 
except that they are fitted with 
rubber tyres, and their use has been 
found to give substantial advantages. 
While the ordinary lorries are being 
unloaded or loaded at the terminals, 
the ” Mechanical Horse ” as the 
tractor has aptly been called is 
doing useful continuous work between 
the terminals, and in daily practice 
it is averaging f><> miles, and hauling 
10 tons lOcvvt. of trallic, the con- 
veyance of which in the same time 


would, under ordinary conditions 
require two pair horsed vehicles. Of 
course, certain classes of conveyance 
work are required for the most 
effective development of this system, 
but it is an innovation that should 
be kept well in mind in contemplating 
cartage economies. As will be noted, 
this method haft many of the advan- 
tages of the ” demountable flat ” 
system, without the necessity for 
additional machinery on the road 
vehicles themselves. 

of a similar character is the 
growing use of containers, and es- 
pecially in America, these have been 
adopted extensively. There, in fact, 
they have developed the use of 
containers on a most comprehensive 
basis, as was described in the article 
entitled ” The Container Car on the 
American Railways ” which I con- 
tributed to the May, 1022, issue of 
Industrial India. The container 
system provides that a portable 
container (or box) shall be loaded and 
locked at the consignor's own loading 
stage, conveyed by motor vehicle to 
the railway yard, and there speedily 
lifted by crane aboard the container 
car, where steel bulkheads and sides 
form absolute protection against 
opening the container in transit. 
On arrival at destination, the locked 
container is unloaded by crane and 
carried by motor vehicle direct to 
the warehouse or consignee’s loading 
stage, to be unloaded at his con- 
venience. TIu* type of container 


used for L C L. (less than carload), 
freight is shown in one of the accom- 
panying illustrations, which shows a 
road Inotor transport company’s 
vehicle leaving the railway yard with 
a loaded container for the consignee. 

r 

The Reduction of “Terminal” 
and “Intermediate” Delays 

The foregoing remarks indicate 
two recent methods introduced in the 
endeavour tq, reduce terminal delays, 
and it may now be well to analyse 
motor vehicle delays, both terminal 
and Intermediate. These may be 
divided into three sections, so far 
as the solution of the problem is 
concerned. 

Firstly, the provision of specially 
equipped bodies facilitating the rapid 
handling of loads in detail, or the 
provision of detachable bodies with 
suitable mechanism to enable them 
to be rapidly run on or off the chassis. 
Second, the provision of special equip- 
ment at the motor user’s premises, 
as, for example, cranes, ramps or 
runways at the loading stage. Third, 
the special equipment of the chassis 
itself, as for example, the fitting of 
gear for operating a tipping body, an 
overhead crane for loading purposes, 
or a winch operated by the engine 
power. 

It is in these directions that 
•development must tend if the motor 
vehicle is to find its most economic 
use. The question of expense is, of 
course, a consideration, and one, that 
^must always be borne in mind. But 
judicious expenditure designed to 
increase thj fhobility of a motor 
vehicle will very soon pay for itself, 
^jtul if the desire for improvement is 
sufficiently strong, the question of 
expense should not prove insurmount- 
able. One way in which there might 
be a great move towards efficiency is 
for motor vehicle manufacturers them- 
selves to study the problem, with a 
keener eye to the requirements of the 
traffic, for this is quite as iinjwrtant a 
matter as the enhancement of the 
reliability of their product. 

Are Commercial Motors] 

Too Heavy ? 

It is a constant and growing com- 
plaint against many classes of com- 
mercial motor vehicles that they are 
relatively heavy for the work they 
are designed to perform, and this 
]X)int has recently been stressed very 
strongly in articles written by the 
Commercial Motor Correspondent of 
The Times . He explains, in defence 
of the makers, that the manufacturers 
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liave been driven to this undesirable 
course by reason of the unfair handling 
of their vehicles by motor usys, and 
in two excellent articles on # “ Loads 
and leading ” he deals very clearly 
with the problem of effecting economy 
in haulage costs. Commercial motor 
users have, he says, no one but them- 
selves to blame for the relatively 
heavy vehicles now being built. If 
they persist in overloading their 
vehicles, the natural result is high 
maintenance costs and the consequent 
suggestion that the vehicles ay not 
standing up to their work. Thus 
arises the need for the manufacturers, 
in self defence, to build the vehicles 
with a larger margin of safety, and 
one can#quite see the force of their 
attitude in the matter. 

At the same time, if motor trans- 
port is to develop as widely as is 
anticipated, it is of the utmost 
importance that commercial vehicles 
shall be of as light a character as 
possible, consistent with their ability 
to perform properly the work for 
which they are designed, and it is 
therefore suggested that motor users 
should see to it that overloading is 
discountenanced. It is directly to 
their interest to do this, because, in 
the long run, if adequate records are 
maintained, it will be found that 
a properly handled vehicle of a 
particular design will work more 
cheaply than another of a similar 
type that has been subject to con- 
sistent overloading. As The Times . 
well puts it, a chassis is designed for 


a given load, and if the limit is passed 
often and considerably, the additional 
stress caused to the mechanism 
throughout will result in deformation, 
shear and undue wear generally. 
What is the result ? The ton mile 
cost of a vehicle during a short 
period of overloading may perhaps 
have been reduced fractionally, but 
after that it may have to go in dock 
where expense is incurred, the stand 
nig charges remain and the vehicle 
is earning nothing. In other words, 
at the end of a period it may be 
found that the service cost is higher 
and the ton-mile figure lower than if 
• overloading had been avoided and the 
vehicle kept in steady work. 

An essential need toward securing 
the utmost economy in running costs 
is the maintenance of regular com 
paraMi^ operating costs, and those 


linns keeping detailed records are 
satisfied that they more than pay 
for the expense of compilation. In 
too many cases has the question of 
motor transport been looked at from 
the standpoint of horse haulage, and 
so long as the motor appears to be a 
cheaper transport medium nothing 
else has mattered. lint this is a 
foolish policy. Under adequate super- 
vision, a commercial motor service 
can be. arranged to give extremely 
satisfactory results, but the quesiton 
must be handled in a scientific 
manner, and not worked on the 
“rule-of-thumb” methods that in far 
too many cases do justice for system. 
In a later article I propose to analyse 
a series of cost figures, and show' how 
the maintenance of appropriate re- 
cords has assisted to secure economy 
in haulage costs. 


WILL INDIAN TRANSPORTATION BE CO-ORDINATED? 


The first “ Transport ” .article in 
the first issue of Industrial India 
dealt on a comprehensive basis with 
the question of agriculture and in- 
dustry in India, and pointed out how 
development in connection therewith 
was closely bound up with the 
provision of ^abundant transport facili- 
ties. The article concluded with a 
suggestion that Indian agriculture 
and industry would benefit materially 
if the whole of Indian transportation 
were placed in the Tiands of a small 
representative body . . . as the rail- 
way, the inland waterway and the 
air should all be considered with 
regard to theij comparative economy 
in connection with future develop- 
ment. This # idea, it is well to recall, 
was closely followed up by Jllfc 


Aeworth Committee which, being 
satisfied that the member for Com- 
merce could not adequately attend to 
> railway matters, recommended the 
addition to the Governor-General's 
Council of a member for Communica- 
tions. This member was to be re- 
sponsible for railways, ports, inland 
navigation, road transport, posts and 
telegraphs, and he would therefore 
be in a position to effect any necessary 
’ co-ordination between the different — 
and often complimentary — means of 
communication. 

At the time of writing, we still 
await any news as to the acceptance 
or otherwise of this suggestion. Along 
with many other matters brought out 
in the Aeworth Report, the suggsstion 
appears to have been pigeon-holed, 


and it would not be unfair to suggest 
that in a few years time still another 
Commission will be appointed and 
requested to “ straighten out " what 
the Aeworth Committee has so 
admirably reported upon. If there 
is the need in any country for the 
co-ordination of all means of com- 
munication -or, at least, of trans- 
portation- yiat need exists in a 
> newly developed country, which is 
trying to expand its trade and 
industry. India has suffered sadly 
for want of adequate foresight in the 
past, and the scandalous state of 
affairs brought to light in the Aeworth 
Report* is sufficient proof, if proof 
'be needed, of the need for some 
drastic re-arrangements of fPeerhead 
control. 
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The Freight 


Locomotives for the Chilean State 


Railways 


/•allowing the description of the Passenger Loco- 
motives given in our § September issue, we give 
below some details oj the freight Locus to be used. 


T ICK cabs iur the first eight 
of the fifteen road freight 
locomotives for the Chilean 
State 'Railways, have been 
delivered by the Baldwin 
Locomotive Works to the Westing- 
house Klectrie & Manufacturing Com- 
pany for the installation of the equip- 
ment. There will also be seven 
switching locomotives. 

The cab of the road locomotive is 
of the box type, carried on two 
articulated trucks, each having three 
driving axles with direct geared 
motors. The estimated weight is 
226,000 pounds. The locomotives 
will ope rate at 3,000 volts direct 
current. 

This locomotive rates 1,680 h.p. at 
3, 000 volts, and will be able to develop 
a maximum of 3.2(H) h.p. for short 
periods. With natural ventilation the 
locomotive will deliver for one hour 
n tractive effort of 27,050 pounds at a 
speed of 22.6 miles per hour at 3.0(H) 
volts. The continuous capacity of the 


locomotive with forced ventilation is 
20,880 pounds tractive effort at 24.8 
miles per hour. The maximum speed 
is 40 miles per hour. 

The general dimensions and 
estimated weights of the locomotive 
are as follows : - 


TA lil.lv 1. 


MMKSSIONS and Wku.uts 

I'KKIOHT IjOl'OMoriVKS 

>!• Ro VI 

Traek gauge 

re o* 

Length over buffers ... 

vy in* 

Length over oab 

:i8' o* 

Total wheel base 

:i7' o" 

Kigi<l wheel base 

Height top ot rail to eub 

i.v ir 


12 


i.r 

10 ' 


10* 
0* 
4 r 

42* 


roof 
Height 
torv 

Width over rub sheets 
Height of coupler 
Wheel diameter 
Weight of complete 
motive ... ... 220,000 Ih. 

Weight of mechanical parts 140,000 Ih. 
Weight of electrical equip- 
ment 80,000 Ur. 

Weight per driving axle .‘17,070 Ih. 


top of rail to deles 


loec 


./i 


t 



The road foco motives will operate 
over the 116 mile route between 
Santiago and Valparaiso, and the 28 
mile branch between Las Vegas and 
Los Andes. The heaviest grade is 225 
per cent, for 12 miles, from Llai Llai 
to I/a Cuinbre. The maximum curva- 
ture is 11 degrees. There" are six 
tunnels in the electrified zone. 

The present main line freight trains 
average 550 short tons. They are 
operated with a single steam loco- 
motive, except on the heavy 12 mile 
grade southbound, and on a north* 
bound grade, of 6.8 miles. On these 
two sections a steam helper is now 
used to maintain speeds of from 10 
to 14 miles per hour. 

One electric locomotive will haul a 
trailing load of 770 short tons in 
either direction, between Valparaiso 
and Santiago without assistance, ex- 
cept on the Tabon grade. On level 
tangent track the speed with such a 
load will be 35 miles an hour at 3,000 
volts. The average running speed 
on the Tabon grade will be approxi- 
. mately 24 miles per hour. The time 
saved by the elimination of delay to 
take fuel anfi tfhter, and by the higher 
running ^>eed will shorten the time 
.of a trip from 4 to 5 hours in each 
direction. 

These locomotives are equipped 
with Continental spring buffers, and 
M.C.B. couplers, arranged to take 
attachments for chain couplers tem- 
porarily. The two six- wheel trucks 
are connected at the inner ends by a 
mallet hinge. The bar-type cast steel 
side frames are located outside of the 
wheels and connected by cast steel 
bumpers dnd cross-ties. # The semi- 
elliptic driving springs over . the 
journal boxes on each side are con- 
nected to one another by equal 
beams. The ends of each set of three 
driving springs ’ connected thus are 
attached to the side frames through 
coil springs. 

The 38 foot box type cab, including 
an engineman's compartment in each 
end and a central equipment* com- 
partment, is carried ou centre pins 
located approximately over the raid- 
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point of each rigid wheel base. One 
centre pin is restrained both longi- 
tudinally and laterally and the other 
in the lateral direction only* which 
permits free longitudinal movement 
of the; cab relative to one truck. 

The locomotives ar% equipped with 
Westingkouse air brakes, the standard 
of the Chilean Railways. The air 
brake, type 14-EE is interlocked with 
the regenerative brake so that the 
latter may be supplemented by service 
application of* the train brakes, if 
desired, without applying the air 
brake to the locomotive driver.^ 

Current is collected by spring- 
raised, air-lowered pantagraphs, con- 
trolled by compressed air and arranged 
to be mechanically locked in the 
lowered*position. 

Individual switches mounted in 
banks establish the main circuit con- 
nections. Each switch is a complete 
unit in itself, and may be removed 
without disturbing adjacent switches. 
Compressed air controlled by electro- 
magnetic valves is used to operate 
the switches. For certain circuits 
where no current is broken and for 
low voltages, cam switches are used. 
These also operate by compressed air 
controlled by electro-magnetic valves. 
The cam group comprises a number 
of switches mounted on a single 
shaft, connected through a rack and 
pinion to a double acting air piston. g 

Each axle of the locomotive is 
driven by a Westinghouse No. 350- P 
motor, wound for 1,500 volts, and 
insulated to operate two in series on 
3,000 volts. The nominal rating o> 
this motor on short £eld is 280 h.p. 
at 155 amperes and tl, 500 * volts. 
Field control is secured Vy the use 
of two separate field windings on th£ 
main poles. The motors are geared 
directly to the axles with a ratio of 
3.94 to 1. The gear is of the flexible 


Tfie control is Westinghouse 1ILFR 
providing speed combinations by vary- 
ing the grouping of the motors to give 
one-third, two-thirds, and full speed. 
Field control gives three additional 
speeds. Transition from one motor 
combination to another is made by the 
shunting method. 

For regenerative bfakiug, the main 
motor armatures ate arranged for the 
same combinations as when motoring, 
and the motor fields are separately 
excited by the motor-generator set. 
The range of speed in regenerative 
braking will lx* from 8 to 30 miles per 
hour. 

The cab of the switching loco- 
motives is of the steeple type, and is 
carried on two swivel trucks. On 
each truck are mounted two motors, 


The following table gives the general 
dimensions and estimated weights of 
the locomotive - 
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Dimensions and Weights or 

Switching 

1/ »COMOTIVK$. 


Track gauge 

r>' <r 

Length over buffers ... 

40' 0* 

Length over central cab 

17' 0# 

Length over hoods ... 

27' 0* 

Total wheel bast' 

27' 4* 

Rigid wheel base 

8' <r 

Height top (.1 rail to cal 


roof ... 

12' r 

Width over cab sheets 

10 0* 

Height of coupler 

:»<r ca- 

Wheel diameter 

42* 

Weight of complete* loco 


motive 

130,000 11). 

Weight of mechanical parts 

80.000 lb. 

Weight of electrical equip- 


ment 

50,000 lb. 

Weight per driving axle 

34,000 lb. 



type. 

A motor generator set provides low 
voltage power to compressors, blowers, 
control equipment and lights. This* 
set has a single frame and two 
armatures carried by a common shaft. 
The 3,000 volt motor is a bi -polar 
double-commutator 'machine. The i 
continuous rating of the genertitor is 
35 kw. at 92 volts. • 

A master controller is located in 
each engineman’s # compartment to ’ 
provide double end operation, the 
same master controller being used for 
both motoring and regenerative brak- 
ing. This controller provides 50 
control notches in acceleration so that 
tractive effort variations are small, 

> thereby ^permitting exceedingly 

smooth handling of trains. 

' •' : K - -V . 


driving direct through standard helical 
gears. The estimated weight is 136,000 
pounds. The control is arranged for 
double end operation. 

The nominal rating of this loco- 
motive is 560 h.p. With 3,000 volts, 
and natural ventilation, the tractive 
effort for one hour is 19,600 pounds, at 
a speed of 10.6 miles per hour, and the 
continuous capacity is 11,400 pounds 
at 12.7 miles per hour. With 25 per , 
cent, nominal adhesion the starting 
tractive effort is 34,000 pounds. The 
maximum speed is 35 miles per hour. 
For short periods the equipment is 
capable of developing 1,000 h.p. In 
view of an expected increase in traffic 
these locomotives will be capable of 
handling trains of 1,200 short tons 
in yards with level tracks. 


The trucks are of the rigid bolster 
equalized type, with rolled steel 
frames located outside of the wheels. 
A centre pin is located at approxi- 
mately mid-length of each rigid wheel 
base. The central cab has an engine- 
man s stand in each end and control 
apparatus centrally located and suit- 
ably protected. Buffers, couplers and 
air brake equipment are duplicates 
of those on the road locomotive. The 
control equipment also comprises 
apparatus similar to that already 
described for the road locomotives, 
and the pantagraph is of the same 
type. 

The four Westinghouse No. 350-D-2 
motors are of the series type wound 
for 1,500 volts and insulated for 
operation two in series at 3,000 volts. 
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This motor has an hour rating of 140 
h,p. at 75 amperes and 1 , 500 4 volts. 

Tin* jnotor generator set, to supply 
power for the compressor motor, 
lights and control circuits, has a two 
part, frame, each part containing two 
bearings in which runs a common 
shaft carrying two armatures, one 
a' 1,500 voit motor (insulated for 11,000 


volts), and the other a low voltage 
generator. With 3,000 volts applied 
to the motors, the generators will 
deliver 22.5 kw. at 02 volts. 

The main resistance, connected 
ahead of all motors, is designed with 
ample capacity for frequent, heavy 
accelerations, and for a reasonable 
amount of emergency operation with 


one pair of motors cut out. The 
number of accelerating steps assures 
moderate changes iti tractive effort 
in starting, which in turn tends to 
minimum wear and tear on the loco- 
motive and rolling stock. 

The passenger locomotives for this 
electrification were described in our 
September issue. 


The Need of an All-India Gauge Policy 

in the September issue of " Industrial India," we published the 
first part of Mr. Royal Dawson's paper, which was read before the 
Indian Section of the Royal Society of Arts. MV now pubhsed 
the remainder of this instructive paper which is worthy of the 
close study of all those concerned with India's transport developments . 


I W11J, deal first with the evils of 
break of gauge, which arc the 
inevitable results of the dual 
system, 

' Formerly it was assumed 
that the inconvenience of a break of 
gauge was confined to the actual 
handling d.aws of transhipment the 
amount In-inn equivalent to a lew 
miles (say. 1<> <>r 20 miles) of extra 
haulage We now’ know by bitter 
experience that that is the least 
important factor of the situation. 
The main evil lies in the serious 
detention to rolling stock at every 
point of transhipment, amounting to 
at least a day. and sometimes several 
days for every train concerned. This 
means incalculable delays in transit 
and the coricspomlmy waste ol locked- 
up capital, not only in rolling stock, 
but also in the goods earned. A 
certain agent of the hasten! Bengal 
Railway, which has both gauges in 
it» system, estimated that from a 
railway point of view alone it would 
pay to spend Rs. 20 l^hs of capital 
outlay (equivalent to. say, £1.13, 0WV- 
but thus figure docs not pretend to • 
be exact) to avoid the transhipment 
of one broad gauge tram a day. 
A C ain, every transhipment point is a 
fruitful source of damage and loss by 
theft of goods in transit, especially at 
important junctions, where tranship- 
ment on a large scale takes place. 
The Indian public, who have been 
brought up to regard tins state of 


affairs as inevitable, do not appear to 
realise what a difference uniformity 
of gauge would make in the efficiency 
of railway transport and the develop- 
ment of trade generally. The evils ot 
a break of gauge cannot be , 
exaggerated, for, with the co- 
expansion of the two gauges, they 
increase with the increase of tonnage 
transhipped. * 

As to whether wholesale tran^iip- 
ment at a big junction is preferable 
to transhipment at several scattered 
points for the same aggregate tonnage 
much depends on circumstances. In 
theory it may seem more convenient 
and economical to tranship 10,000 
tons at one big junction insteiRl of 
at a dozen scattered small ones. But 
in practice the worst congestions 
occur at big junctions, whereas, if all 
main lines were of uniform gauge and • 
the only transhipment points occurred 
at wayside stations where local feeder 
lines of a different gauge joined the 
main line, all transhipments would bee 
of a local character and would be done 
by local station staffs, more or less 
under the observation of consignor 
or consignee, as^the case might be, 
and. therefore, subject to less risk of 
mishandling or unaccountable delays 
or loss in transit. So far as the 
consignor or consignee are concerned, 
therefore, there is no doubt that the 
least objectionable position for a 
transhipment is near the beginning or 
end of a journey, as in the case of a 


wayside station, served by a local 
feeder line, the latter being merely a 
substitute for local road transport. 

From the administrative point of 
view the supply and movement of 
, wagons is the chief difficulty, especially 
as between two administrations where 
exact synchronisation of supply at 
transhipment points is almost im- 
possible of attainment. 

• 

•Movement of Wagons 

Even railways which have the two 
gauges under one administration (such 
as the Bombay- Baroda, the South 
Indian and the Eastern Bengal), and 
which should, therefore, be able to 
insure the co-operation of both gauges 
in the punctual and adequate supply 
of wagons at transhipment points, 
find this process a perpetual source of 
anxiety and liable to break-downs at 
critical moments. The following ex- 
tract from t a report by Mr. Waring, 
who was deputed by the Ceylon 
Government to report on Indian 
Railways in 1895, is sufficient to 
illustrate the position, Sabarmati 
being a goods transhipment yard near 
Ahmedabad on the Bombay-Baroda 
line — 

" It has often been said that, 
with proper management, a block 
or serious delay of traffic at a 
transfer station should never occur. 
To this I have only to reply that at 
Sabarmati, the junctiqn between 
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the Rajputana-Malwa (metre gauge) 
and the Bombay-Baroda and Cen- 
tral India (standard gauge) Rail- 
ways which, it is to be noticed, are 
both under the same management, 
such blocks of traffic are, I under- 
stand, bv no means unknown. The 
first result of such a block is that 
the sidings at the transfer station 
are choked with laden vehicles, the 
contents of which cannot be tran- 
shipped at sufficient speed ; all 
available sidings at the neighbour- 
ing stations then become similarly 
choked with* vehicles, the goods 
stations throughout the line become 
choked with traffic, which cannot 
be despatched owing to the in- 
sufficient supply of wagons, and 
then the mischief extends in both 
directions, causing complete disloca- 
tion of all traffic arrangements, until 
by the most strenuous efforts the 
block of wagons at the transfer 
stations are removed. If this state 
of affairs can occur when the two 
railways are under the same 
management, it is evident that it is 
still more likely to happen when the 
lines are under different ownership.” 

Although the above report was 
written in 181*5, it is equally applicable 
to railways in general at the present 
day. In fact, so far from showing an 
improvement, the present position 
has become worse with the general 
growth of traffic, 'flu* general public 
who become aware of a difficulty in 
supplying wagons, but who do not 
know the cause, assume that the 
railways are not sufficiently equipped 
with rolling stock, and set up a 
clamour for more wagons. Whereas 
it is evident from the above descrip- 
tion that what is required is not 
necessarily more wagons but a greater 
synchronisation of movement between 
the two gauges, hardly attainable 
under the most careful management, 
and therefore irremediable under the 
dual gauge system. 


Terminal Facilities 

It may be said that blocks occur 
even on railways of thy same gauge. 
That is true, and the remedy for that 
is greater terminal and junction 
facilities. But while reforms are 
needed in this direction also, the 
railway system as a whole can never 
be made an efficient transportation 
machine so long as the greatest evil 
of all, namely, break of gauge, is 
tolerated. 

Tifren if we look at the least 
important iactof-P u in transhipment, 


namely, the actual handling charges, 
equivalent to say 10 or 20 miles of 
extra haulage, at every tranship- 
ment station for every ton tran- 
shipped the question arises, why 
should trade be handicapped by such 
an extra charge in perpetuo, if a 
uniform gauge* is a practicable pro- 
position to any degree ? 

The above considerations are, I 
hope, sufficient to furnish a reply to 
the first point at issue, namely, that 
the perpetuation of the dual gauge is 
not to the public interest. 


The Gauge Dilemma 

Before proceeding to the second 
point at issue, the difficulties of the 
situation must be considered. 
Unfortunately the gauge problem 
appears to have been studied hitherto 
almost entirely from a purely railway 
point of view. To a railway ad- 
ministration a break of gauge is a 
nuisance to the extent that, besides 
holding up wagons unnecessarily, it 
involves the perpetual task of arrang- 
ing for the transfer of consignments 
from one gauge to another. But from 
a dividend point of view railways do 
not appear to suffer much by these 
inconveniences. So long as they can 
carry in their own time all traffic c 
offering itself in the course of the year, 
without guarantees as to date of 
despatch or time of transit, their 
obligations to the public ifre, I 
believe, legally fulfilled and # their 
earnings are more or less Assured. 
It is probably for that reason, and in 
the absence of an enlightened public 
opinion, that i ail ways have hitherto 
made no real attempt to initiate a 
unification scheme. 

I do not make this suggestion in 
disparagement of railway administra- 
tion, I merely put it as a possible 
psychological explanation of the 
existing state of affairs. • 

Possibly the reason that the recom- 
mendations of 1889 were never acted 
up to was because they did not carry 
sufficient conviction in the face ef 
vested interests at that time, and 
possibly because there was no public 
opinion on the subject. Moreover, 
the subject was not so well understood 
then as it if now. In the circum- 
stances it is not unnatural that the 
metre gauge, being the minor gauge, 
would strain every nerve to secure 
what it believed to* be vital to its own 
interests, and the present day map 
shows that its achievements have 
been considerable and its potentialities 
very great. Its most noteworthy 


achievement, in the tactical sense, 
was perhaps the Cawnpore-Barhwal 
link, •already referred to. The 
materia* success of this link from the 
metre gauge point of view has rather 
tended to obscure its objection on 
more general grounds. It may be 
supposed that its inception was due 
to the theory that trade would be 
fostered between the metre gauge 
regions of the Bengal and North- 
Western and the Kfijputana-Malwa 
by connecting them with a metre 
guugv link. This theory, confirmed 
by results, clearly demonstrates what 
a deterrent effect the previous break 
of gauge must have had on the 
flow of traffic interchanged between 
the two aieas. Nowadays, however, 
defenders of the dual gauge are 
prone to argue that the evils of the 
break of gauge are insignificant. But 
we cannot have it both ways. If the 
latter hypothesis is true, then the 
Cawnpore-Barhwal link was an un- 
necessary expense. On the other 
hand, if the evils of break of gauge 
are admitted, then the true remedy 
would appear to be, not connecting 
links to maintain the minor gauge, 
but conversion of the minor to the 
standard gauge as traffic develops, 
in order to remove the need for 
transhipment. These are the sort of 
reflections that the existence of the 
Cawnpore-Barhwal link will always 
give rise to, unless the link is regarded 
merely as a temporary stop-gap, 
fulfilling a useful purpose at a certain 
• stage of the evolution of railway 
traffic, pending final conversion. 

i 

% An Interesting Example 
Another example of the influence 
of gauge on the trend of traffic occurs 
in the case of the Fazilka-Kotkapura- 
Bhatinda branch of the Rajputana- 
Malwa metre gauge railway, which is 
worked by the Bombay-Baroda ad- 
ministration. This branch, about 
77 miles long, of which Fazilka- 
Kotkapura is about 50 miles, was in 
existence # before the broad gauge 
railways which immediately surround 
it wt re constructed. Consequently the 
traditional port for Fazilka traffic is 
Bombay, although the nearest port by 
rail has, for maqy years, been Karachi. 
The latest broad gauge line is that 
connecting with Fazilka on the west 
side, and it is significant that since 
the construction of this line the 
proportionate flow of jtraffic from the 
Fazilka - Kotkapura section for 
Karachi, as compared with that for 
Bombay, has been slowly but per- 
ceptibly; increasing, in spite of f the 
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break of gauge at Fazilka. The 
inference is that traffic from this 
region would always have b$en for 
Karachi, in preference to Bombay, if 
it had not been for the metre gauge 
offering the least line of resistance 
for so many years. It would therefore 
be obviously to the puolic interest to 
convert this section to the broad 
gauge (thereby, incidentally, saving 
the redundant Kotkapura-Bhatinda 
link, 27 miles long, which would go 
a long way towards paying for the 
conversion, even though the interests 
of the Bombay-Baroda administra- 
tion might thereby be slightly affected. 


Suggested Remedial Measures 

I now proceed to formulate mv 
proposed measures to alleviate the 
evils of the dual gauge. They arc 
based on the natural growth of 
traffic on every railway. When the 
traffic begins to exceed the capacity 
of a single line, the railway is faced 
with the alternative of doubling or 
conversion to a wider gunge. In the 
case of the metre gauge the cost of 
conversion to broad gauge is, generally 
speaking, rather less than that of 
doubling, while the immediate effect 
of conversion is to double the capacity 
of the track The point to note is 
that all railways must incur additional 
capital expenditure from time to 
time to meet the natural growth of 
traffic, so that, if it became a 
recognised rule that the metre gauge* 
railways, which, as already noted, 
are still practically iffl |ingle track, 
should be converted to bro^d gauge in 
preference to doubling as soon a«> 
their traffic exceeded the capacity 
of a single track, the metre guage 
would be automatically eliminated in 
course of time, practically without 
incurring any expenditure beyond 
that which would have to be incurred 
in any case to meet the growth of 
traffic. So much for existing metre 
gauge lines. An exception might be 
made in the case of Burma and the 
Assam-Bengal railway, which being 
more or less isolated from the general 
railway system ot India could be 
left out of the conversion scheme for 
an indefinite period without detriment 
to public interests. Other metre 
gauge areas would also be left un- 
disturbed so long as the traffic was 
insufficient to justify conversion. 

The construction of new lines on 
the "metre gabge would have to be 
restricted by legislation in such a way 
as not to* further prejudice the 
^psitioh. 


To meet the objections of those who 
argue that the poorer and undeveloi>ed 
districts of India would not yield 
sufficient traffic to make a new 
broad guage line pay its way, I 
propose that 2ft. bins, and 2ft. 
feeder lines be permitted as at 
present, on the undvrstanding that 
such lines be converted to broad 
gauge as soon as the growth of 
traffic is sufficient to justify the 
cost of conversion. 

The above are the three salient 
features of a policy which, if carried 
out intelligently and consistently, 
would rid India, in course of time, of 
the curse of the dual gauge without 
involving more expenditure, prac- 
tically, than that required to meet 
the natural growth of traffic. 

In considering the practicability of 
carrying out such a policy, it should 
be noted that the principal railways 
of India are state-owned, of which 
three are also state-managed, the 
remainder being company worked on 
such terms that Government gets by 
far the greater share of the profits 
as the predominant partner. More- 
over, the present time is specially 
favourable for considering the ques- 
tion, for the recent five years' pro- 
gramme, drawn up by the Railway 
Board, shows that all available money 
for the next five years will be required 
for the rehabilitation of existing lines, 
s<f that the construction of new lines 
will be practically suspended during 
that period. 


Opposition Factors 
Of course, it is to be expected that 
each feature of the proposed scheme 
would have its opponents. For 
instqpce, it has been urged that the 
conversion of the main line of the 
Bengal and North Western would 
involve the creation of about thirteen 

# transhipment points at the junctions 

# of its main line with branches, unless 
the latter were converted too. 
Against this may be set the fact that 
at least a dozen existing transhipment 
*points with other gauges would be 
wiped out automatically by such 
conversion, not to mention the credit 

. obtained from the dismantling of the 
existing 80 mile Cawnpore-Barhwal 
link, which would by this sclieme 
automatically cease to serve any 
purpose. As between the dozen or 
so local transhipment points which 
would be created by conversion and 
the existing dozen inter-railway junc- 
tion transhipment points which are 
now necessary, there is no doubt that 


the public would prefer the former 
alternative if for no other reason than 
that such points would be nearer 
the consignor or consignee, as the 
case might be. Moreover, on general 
grounds, the aggregate tonnage which 
would be tranship]>ed between 
branches and main lines would 
presumably be less than the aggregate 
tonnage of main line and branches 
combined to be transhipped to other 
railways and vice versa, so that such 
a move would be a distinct step 
towards mitigating the evils of break 
of gauge. As regards .dividends, there 
is no reason whatever to suppose 
that dividends would be adversely 
affected by conversion, any more 
than they would by doubling. It is 
to be borne in mind that my pro- 
posals do not involve the conversion 
of a single metre gauge line before 
the traffic reaches the limit when the 
choice between doubling and con- 
version is forced on the railway. On 
the other hand, I do not believe that 
there is a single metre gauge railway 
that would not benefit by conversion 
when the time came. It is an 
established fact, though not suffi- 
ciently recognised, that the working 
of the metre gauge is inherently less 
economical than that of the broad 
gauge ; that is to say, for a given 
volume of traffic in a given tract of 
country, and under a given ad- 
ministration, the cost per ton-mile or 
per passenger-mile, would be less on 
a broad gauge railway than on an 
equivalent metre gauge line. As 
regards capital cost, we have already 
seen that the cost of a railway 
depends more on the volume of 
traffic than on the gauge. The only 
conditions under which the gauge 
is an appreciable factor of first cost 
is (1) when the traffic is very light, 
and (2) when the country is very 
easy, especially when the track ^ is 
allowed to be laid on an existing 
public road. This is shown clearly 
in the diagram (Fig. 2) which illus* 
trated my paper to the Institution of 
Civil Engineers and which is here 
reproduced by permission of the 
Council of the Institution. In such 
circumstances, a 2 ft. 0 in. line would 
be obviousfy cheaper than a metre 
# gauge at first cost, while it would be 
capable of meeting a growth of 
traffic by the provision of additional 
rolling stock and other facilities, 
from time to time, until the volume 
of traffic attained sufficient propor- 
tions to justify conversion to broad 
gauge. Thus the whole ,of .the 
traffic of India could, in course of 
time, be worked k>y the broad gauge, 
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supplemented by narrow gauge (2 ft. 
(Jin. or 2 ft. 0 in.), feeder lines, so 
that the use of an intermediate Range, 
such as the metre, would be super- 
fluous. 

Against the contention that capital 
cost depends more on volume of 
traffic than on the gauge, it is some 
times pointed out that the sharp 
curves which are possible with the 
narrow gauge as compared with the 
broad make a great difference in the 
cost of earthwork, as between the 
gauges in mountainous country. My 
reply is that fjuch reasoning would 
apply only to certain mountain rail- 
ways, which, being always of a 
special character, hardly come with- 
in the scope of the gauge problem. 
The majority of narrow gauge lines 
are laid in very easy country, so that 
the sharpness of the curves used has 
no material effect on the cost, as 
compared with other factors. 

As regards the proposed restrictions 
on the construction of new metre 
gauge lines by legislation, I believe 
legislation to be necessary as the 
only way to secure continuity of 
policy in the direction of unification, 
which is what is badly wanted. 

To this end 1 proposed, in my 
paper to the Institution of Civil 
Engineers, that the Indian Railway 
Act be amended and enlarged so as to 
include a section dealing with the 
gauge question, the provisions of the 
section to be somewhat as follows : — 

(1) This section of the Act shall 
apply to all parts of India, 
except Burma and Assam. 

(2) The f> ft. fi in. gauge shall be the 
standard gauge. 

(3) Any railways or portions of 
railways under the operation of 


this section of the Act not con- 
forming with such standard 
gauge shall be converted to that 
gauge when, in the opinion of 
the Governor-General in Council, 
such conversion is required in 
the public interests. 

(4) The construction of all new 
railways shall be on the standard 
gauge, except as may herein- 
after be provided. 

(5) Subject to the operation of 
Clause 3 

(A) Lines of light traffic, when 
cheapness of first cost is an 
important consideration, may 
be constructed on the 2 ft. 
bin. gauge, or on the 2ft. 
gauge in case of extension of 
existing 2 ft. lines. 

(B) A new line may be con- 
structed on the metre gauge 
only on the following con- 
ditions : 

(i) that it is an extension of an 
existing metre gauge line ; 

(ii) that it does not connect 
with or cross over a 
standard gauge line. 

N.B. Under this sub-head, con- 
nection means the provision of 
direct tranship airangcments. 

Before leaving the subject of 
legislation, I may recall the fact that 
the present uniformity of gauge in 
the United Kingdom is due to the* 
timely legislation of the forties, fold 
that the confusion of gauges which 
exists in Australia, South America 
and other countries, is due to the » 
absence of such legislation :ti those 
countries. 

It may be said that the above 
measures would not be sufficiently 
elastic, but I am of opinion that, 
taken as a whole, such a policy would 


be infinitely more satisfactory than 
the present opportunist formula of 
treat irvg every case on its supposed 
merits, » without reference to any 
recognised guiding policy, by which 
gauge questions are settled under 
present circumstances. 

I will conclude by saying that I 
fully appreciate the merits of the 
metre gauge, but the point is that it 
is too good for a mere supplementary 
gauge. Its ^virtues are the strongest 
arguments against its retention. For 
as long as it exists it will strive to 
extend its activities in competitive 
areas, and thus aggravate the evils 
of the dual gauge to the hindrance of 
real progress in transport efficiency 
and commercial interests a* a whole. 
If unchecked it will lead to an ex- 
pensive struggle in which the broad 
gauge must ultimately prevail, 
because, as I pointed out in my 
paper to the Institute of Civil 

Engineers 

( ( j) The capital sunk in it is already 
more than double that of the 
metre gauge. 

(b) It now carries 80 per cent, of 
the total railway tonnage of 
India at remunerative rates. 

(r) It is inherently more economical 
in working than the metre 
gauge. 

(</) It has higher potential speeds 
than the metre gauge. . 

(<’) It is susceptible of indefinite 
expansion. 

My proposed legislation, therefore, 
aims at attaining by peaceful and 
economical methods the ultimate 
remcA'al of an incubus in railway 
transport in India, in the shape of 
r. the dual gauge, which it seems hardly 
fair, either on moral or economic 
grounds, to inflict on posterity. 


RECLAMATION WORKS AT BOMBAY 


An interesting article in the Times 
Trade Supplement (Engineering Sec- 
tion) for June 17, which is illustrated 
by photographs taken by Sir George 
Buchanan, reports that in connection 
with the reclamation, under the 
Bombay development scheme, of 
1,200 acres of Back Bay, some 2,000 
feet of wall have been constructed at 
each end. Particulars are given of the 
drilling apparatus in use in the 
quarry, these comprising heavy rock 


drills, and jackhammer sinkers, the 
lifting and crushing plant, the trans- 
port arrangements and the water 
supply. It is pointed out that the 
work on the 4 *a wall will extend over 
six working seasons, and so will not 
be completed until 1929. The wall, 
as designed, will be of 16 ft. width, 
and consist of a mass concrete upper 
wall with parapet, resting on a rubble 
moundbase deposited on the bed of 
the bay. Timber gantries canning 
two lines of standard gauge railway 


have been built at each end. In 
addition t to the sea wall, the cross 
bunds and the railway embankments 
across the foreshore require large 
quantities of stone for their execution, 
and an interesting note claims that 
the work of quarrying at Akurli Hill, 
near the Kandivlee station of the 
B.B. and C.I. Railway, is being 
carried out on a scientific and labour- 
saving basis, probably qot approached 
in efficiency by anything ^ else in 

Asia. 




Useful Passenger Motor 
Vehicles 

The Corporation of Preston, Lanca- 
shiie, having .decided* to run a 
transport service along the new 
Lytharn Road route towards the 
sea -coast, considered the conflicting 
claims of tram and motor omnibus 
transport, and eventually decided 
upon the latter. In favour of the 
'bus method was the fact that the 
laying of tramway tracks and the 
necessary equipment would have 
involved a heavy cost, and the 
inflexibility of a tramway service 
would have detrimentally affected the 
capacity of this busy thoroughfare. 

For this particular service, there- 
fore, the Corporation purchased three 
32-seater Ivey land single-decker omni- 
buses, and these are shown in the 
accompanying illustration. Two of 
the buses run a continuous service 
on week-days from 0.30 a. in., to 
11.15 p.m., and it is stated that the 
engines do not stop running from 
the time ot starting in the morning 
until the vehicles are garaged about • 
11.30 in the evening. They are 
certainly of a useful type, and one 



Royal llagguge Van, “ Ley land " Type 

increasing in favour for many phases 3 ton baggage van, for II. M. The King, 
ofc passenger transport. which we illustrate. This is a repeat 

Another Leyland production is the order for Inland's. 


* 



“ LtyUutd Sliiftit-deck Motor Omnibuses 
In regular P asseng e r Service 


A New Lorry Attachment 

\VK have received from Messrs. Ran* 
somes, Sims & Jefferies, Ltd., Orwell 
Works. Ipswich, some interesting par- 
ticulars of their new J/>rry Conversion 
Attachment, whereby the capacity of 
an ordinary lorry can be very con- 
siderably increased, and the general 
arrangement of this attachment will 
be clear from our illustration. 

The employment of this I/>rry 
Conversion Attachment in conjunction 
with any ordinary four-wheel steam 
or petrol lorry, converts the same 
into a mobile, flexible and efficient 
six-wheeler, increasing the body 
capacity of the vehicle approximately 
100 per cent, and enabling up to 
* double the normal paying load to be 
dealt with for a negligible increase in 
operating charges. 

The Conversion Attachment is made 
in three sizes, viz : 1J/2, 3/4 and 5/6 
tons capacity, and can be supplied 
for use with any standard type of 
steam or petrol lorry. It is par- 
ticularly suitable for use wheA bulky 




Lorry ('onvernlon Attachment 

loads have to be transported, and an 
adequate brake is provided. 

The Attachment is flexibly fitted 
to the rear end of the motor vehicle 
by means of a universal joint. A 
coupling pole of ample dimensions is 
provided. This coupling pole passes 
through the frame of the attachment 
and is locate 1 by two channels. It 
turns in these channels in order to 
compensate for the varying positions 
of the attachment on uneven ground. 
A bolster is fitted to the frame of the 
attachment. This bolster, to which 
the rear portion of the body is 
attached, is provided with a small 
turntable enabling it to swivel and 
tilt, so that neither the body nor load 
is distorted by the turning of the 


attachment. When a load is mounted 
on the combination body the Con- 
version Attachment will follow in the 
track of the prime mover without 
disturbing the load, since any relative 
movement of the forward bolster 
and motor vehicle will be com- 
pensated by the bolster on the 
sliding saddle, which is both pivoted 
and tilted. 

An all important feature is that the 
wheels of the attachment absolutely 
track the driving wheels of the motor 
vehicle. The contrivance can thus 
easily negotiate all sharp turns. The 
six-wheeler resulting from the com- 
bination is quite simple to control, 
and can be turned in very confined 
areas, reversed, and manoeuvred in a 


Ransomes^ Sims & Jefferies Ltd, 

similar manner to any ordinary 
four-j/heeler. 

In addition, this Conversion Attach- 
ment, by virtue of its extreme 
flexibility, may be employed for use 
over the most difficult roads with 
every confidence, whilst the la/ger 
bearing surface and better distribution 
of the load, consequent upon the 
adoption of a six-wheeler, diminishes 
the wear on the road. 

In conclusion, it is claimed by the 
makers that the six-wheeler in fuel 
consumption and carrying capacity, 
is the ideal heavy road transport unit 
at the present time, and by its use a 
saving of as much as 75 per cent, can 
be effected. 
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steam nozzles, feed pumps, economiser 
eugines, mechanical draught, etc., 
etc. This figure in itself shows the 
great importance on this particular 
point. 

Another important point on which 
the average purchaser of power plant 
is generally hopelessly ignorant, is the 
fact that boiler capacities are based 
on the amount of water evaporated 
per pound of coal. Standard practice 
is to take the number of pounds of 
water evaporated from and at 
212 deg. F, but makers of boilers 
naturally give such figures when 
using a good quality of coal, and as 
Mr. Brownlie points out in his book 
the heating value of one pound of 
coal may be any tiling from 7,000 
B.Th.U., to 14,500 B.Th.U., these 
figures meaning, of course, that the 
coal consumption is approximately 
100 per cent, greater when coal of the 
lowej value is used. Mr. Brownlie s 
ve ry practical suggestion on this 
p<f|#t is that the code should read lbs. 
ol water evaporated from, and at 
gtydeg. F., per 1,000,000 B.Th.U., 
f see no reason why manufac- 
turers of steam plant could not 

l 


adopt this sensible suggestion as 
standard practice immediately, t with- 
out waiting for any conference on the 
subject. T « 

Mr. Brownlie has designed an 
entirely new Code, which he describes 
at great length, and which he suggests 
should form the basis for a new 
international Code to be agreed upon 
by American, French and British 
engineers. He also gives many new 
ideas in addition to the Code which 
he has drawn up, and one of the 
most interesting of these is a new 
curve which he suggests as a correction' 
factor in calculating the efficiency 
according to the heating value of the 
coal. His point is that it is ridiculous 
to work out the efficiency of a boilef 
plant merely from the heating value 
of the coal, that is to say, a very 
high-class coal could giv$ say 80 per, 
cent, under ^the best conditions, 
whereas cheap and inferior coal could 
only give 65 per cent, and there is 
little sense in comparing the working 
of these plants based merely on the 
heating value of the coal. 

The book is' full of stimulating and 
original ideas of this kind, and really 


the whole question of boiler plant 
testing is undoubtedly complicated to 
a degree which is quite unrealised 
by most engineers. The main point 
is that efficient steam generation has 
got to be regarded from a purely 
business point of view, and as Mr. 
Brownlie expresses it, boiler plant 
testing is necessary for the utilitarian 
purpose of saving money. Mr. 
Brownlie finally waxes very sarcastic 
on various other points in the Civils' 
Code, and certainly the methods 
they suggest for the carrying out of a 
boiler trial do seem to be extra- 
ordinary, including the pulling 
down of the whole of the main 
steam pipes to put up steam driers, 
and making-up pieces, the complete 
alteration of the feed pipe circuits, 
the determining by hand measure- 
ment of the exact size of the steam 
nozzles, even il there are several 
hundred of these, to lead up to the 
official test, which may be only three 
hours. All this, of course, has its 
humourous side, and we must confess 
we never expected to find material 
bidding character as boilers' and 
boiler plant testing. 


SCIENCE 

Conducted by A. H. HAVER, M.I.N.A. & K. S. DICKINSON. F.C.S. 


THIS SECTION DEALS WITH THE APPLICATION OP SCIENCE TO INDUSTRY AND PARTICULARLY 
:: :: :: DEALS WITH APPLIED CHEMISTRY :: :: » 


The Colloidal State 

The Colloidal state of substances is one which is frequently met with in present 
day writings, and as it is not by any means generally understood, we propose to . 
give a very clear description which is taken from a fascinating book entitled, 

“ Chemistry in the Service of Man," by Alexander Findlay, M. A. , I). Sc,, F IX'. 


W H UN one brings sugar, 
salt, washing-soda, and 
many other common 
and familiar sub- 
stances into contact 
with water, the solid substance, if 
present in not too large amount, 
disappears ; it dissolves, and a clear 
liquid is obtained which we call a 
solution. For long, chemists and 
physicists have puzzled over this 
process, and they puzzle even yet : 
for while some consider the produc- 
tion of a solution to be due to the 
chemical combination of the dis- 
solved substance, or solute, with the 4 
solvent, others see in the process 
nothing more than the mechanical 
intermingling of the molecules of the 
constituents of the solution. Doubt- 
less there is truth in both these* 
views, but even if combination does 
take place we must no4 regafd the 
solution as a whole as bei*ig a com- 
pound of water with the sugar, salt* 
or whichever other substance is 
taken. A compound is characterised, 
by the fact that its composition is 
perfectly definite and constant, and 
cannot be altered by adding more 
or less of one of the constituents. The 
composition of a solution, however 
can be altered as we please ; the 
proportions in which the solid and 
the liquid are present in the solution 
may be varied, in some cases varied 
very greatly, so that we tbtain 
solutions of different strength or 
concentration. Even if chemical 
combination does take place it 
appears to do .so only to a limited 
extent and is accompanied by a 
mechanical intermingling of the 
molecules. We may, therefore, regard 
a solution as # being merely a homo- 
geneous mixture in which the 
molecules oj the dissolved substance 


or solute, combined it may be, with 
a limited number of solvent molecules, 
are uniformly disturbed throughout 
and among the molecules of the 
water, or other liquid which acts as 
the solvent. It is a homogeneous 
mixture of variable composition. 

If, however, we leave on one side 
the question of the nature of the 
solution process, and consider merely 
the properties of the solution pro- 
duced, one of the most remarkable 
facts established by the modern 
investigation of solutions is the very 
close analogy which exists between a 
substance in solution and a gas. 
For our present purpose it is sufficient 
tfi refer to only one feature of the 
analogy, the property of diffusion. 

• 

* Kinetic Theory of Gases 

To account for the properties of 
gases there was developed, about the 
middle of last century, a theory known 
as the kinetic theory of gases, which 
was based on the hypothesis that the 
molecules of a gas are in perpetual 
and rapid motion, darting about in 
straight lines with the speed of 
• something like a mile a second, 
colliding ever and anon, some eigh- 
teen thousand million times a second, 
with other molecules, and pursuing, 
therefore, as the result of these 
collisions, a very zigzag course. It 
is by virtue of this motion inherent 
in the molecules that a gas can 
•distribute itself or diffuse rapidly 
throughout a room, or can fill com- 
pletely the space, however large 
that space may be, which is offered 
to it. In the case of liquids the 
same inherent motion of the molecules 
and therefore the same power of 
diffusion exists ; but the process 


now takes place more slowly, for the 
molecules of the liquid are packed 
more closely together, and the mutal 
collisions are therefore more frequent. 
The forward progress of a molecule 
is therefore very slow, like that of a 
man who might try to pass through 
a dense and jostling ctowd. But 
still diffusion does take place, as we 
can easily satisfy ourselves by gently 
pouring a layer of pure water on to a 
solution of some strongly coloured 
substance, such as Milestone (copper 
sulphate), or bichromate of potash. 
After some time we shall find that 
the coloured substance has diffused 
upwards some distance into the 
water. The experiment may be 
made more easily by dissolving in the 
water sufficient gelatin to make a 
firm jelly, and then placing a piece 
of this jelly in the coloured solution. 
After a few hours it will be found 
that the coloured substance lias 
penetrated some distance into the 
jelly. 

Even when the solution is separated 
from the pure water by a membrane 
of parchment paper, or by an animal 
membrane (e.g., pig's bladder), 
diffusion takes place just the same, 
as we can show by enclosing the 
solution of copper sulphate in a tube 
of parchment paper which we then 
immerse in water. Very soon we 
shall be able to detect the presence 
of the copper sulphate in the water 
outside the membrane. 

During the sixties of last century 
1 this diffusion of dissolved substances 
through a parchment or animal 
membrane was studied more fully by 
Thomas Graham, a native of Glasgow, 
who later became a Professor of 
Chemistry in London, and Master of 
the Mint. As a result of his investiga- 
tion, Graham found that qjthough 



certain substances pass through a 
membrane of parchment paper other 
substances do not do so. Since the 
substances, e.g., sugar or salt, which 
could pass through this membrane, 
were such as generally crystallise 
well, whereas those which would not 
pass through, c.g. starch, gelatin, glue, 
were amorphous and non-crystallis- 
;#)le, Graham divided substances into 
the two classes, crystalloids and 
colloids (from the Greek meaning 
glue), and this distinction was one 
which was long maintained, l'rom a 
practical point of view, in any case, 
this distinction was of importance, 
for as Graham showed, if a mixture 
of crystalloids and colloids is placed 
in a parchment cell and immersed in 
water, the crystalloids, but not the 
colloids, diffuse out into the water. 
In this wav a separation of crystalloid 
from colloid can be effected by a 
process to which Graham gave the 
name of dialysis, a process used 
universally at the present day for 
the preparation of colloids free from 
crystalloids. 

Appropiate as Graham’s classifica- 
tion of substances appeared at the 
time, recent investigation has shown 
that it cannot any longer be retained. 
The terms colloid and crystalloid can 
now no longer be employed to connote 
definite and different kinds of sub- 
stances, but only different states of 
matter ; for not only have substances 
such as albumin and gelatin, which 
Graham regarded as distinctively 
colloid, been obtained in the 
crystalline form, but even such 
definitely crystalloid substances as 
common salt have been obtained in 
the colloidal state. Hut language 
changes slowly, and although, through 
the advance of knowledge, a term 
may acquire a different signification, 
the term itself persists. And so one 
still speaks of colloidal substances, 
but means thereby substances in the 
colloidal state, which may be defined 
as a state in which one substance 
forms with another mixtures which, 
although they may appear homo- 
geneous to the eye, even when aided 
by the microscope, are nevertheless 
heterogeneous, the diverse colloid 
particles having a magnitude greater 
than molecular. These apparently 
homogeneous, but in reality hetero- 
geneous mixtures, are called colloidal 
solutions, or simply colloidal sols. 

But it may be asked, how can we 
assert that these colloidal sols are 
heterogeneous mixtures, when we 
cannot detect any want of uniformity 
even with the aid of the microscope. 
The answer is, that even if we cannot 


see the particles themselves wen can 
detect their presence, and the manner 
in which this can be done was shown 
long ago by Tyndall. Regard the 
air of a room bathed in a uniform 
light. Can you see any particles 
there ? No. Hut darken the room 
and let a ray of sunlight pass through 
a hole or chink in the shutters, and 
what do you sle ? A diffused light 
the sunbeam made visible, in which 
the larger dust particles are seen to 
dance and swirl ; the diffused light 
also being due to particles which are 
large enough to relied and scatter 
the waves of light, although too small 
to be seen as separate individuals by 
the eye. »So also, by means of this 
“ Tyndall phenomenon, " as it is 
called, the presence of particles in a 
colloidal sol can l>c detected. Pass 
a beam of light through pure water, 
or through a solution of salt, the path 
of the beam is invisible ; the liquid 
is “ optically empty.” Hut pass the 
bean through a colloidal sol, and the 
path >f the beam is traced by a 
diffused light, like the sunbeam in a 
darkened room. 


Use of the Microscope 

Prom this “ Tyndall phenomenon,” 
then, we learn that particles which 
may be too small to be seen in the 
ordinary way, may be detected if 
only the light retleeted or dispersal 
by the particles, and not the direct 
rays from the source of light:, are 
allowed to enter the eye. Aud*it is 
clear that if, instead of the unqjded 
eye, we employ a microscope to 
examine the scattered light, we shall 
still further extend our range of 
vision, and be able to detect, although 
not actually to see in their own shape 
and colour, particles which are much 
smaller than can be seen wheif the 
microscope is used in the ordinary' 
way. Through the recognition of 
this principle there has been devised, 
in recent years, an arrangement 
known as the ultra-microscope, by 
means of which not only the 
heterogeneity can be detected, but 
also the number of particles in a given c 
volume of the sol determined. A 
powerful beam of light instead of 
, being directed into the microscope 
through the liquid to be examined, is 
sent horizontally into the liquid, at 
right angles to the line of vision 
through the microscope. If the liquid 
under examination is optically empty, 
the field of view in the microscope will 
appear quite dark ; but if particles 
are present in the liquid, the light 


will be reflected and dispersed, and 
the minute points of light thus pro- 
duced will stand out, against a dark 
background, in the field of view of 
the microscope. 

And flow large are those particles 
which are thus detected in the 
apparently homogeneous colloidal 
sols ? With the aid of even the most 
powerful microscope, the smallest 
particle that can be seen by the 
ordinary method, must have a dia- 
meter of not less than about one sixty- 
thousandth part of an inch : but by 
means of the ultra-microscope, part- 
icles one-eightieth of this size, with a 
diameter of about one five-millionth 
of an inch, can be detected. This, 
however, is still about thirty times 
greater than the diameter of the 
hydrogen molecule. 

l'rom the investigations carried 
out by means of the ultra-microscope, 
it is found that colloidal sols may 
contain particles of very different 
size, even in the case of the same 
substance, and there is every reason 
to believe that there exist in some at 
least of the sols particles which are 
smaller than can be detected by the 
ultra-microscope, although they are 
of greater than molecular dimensions. 
In short, there appears to be no sharp 
division between colloidal sols and 
true solutions, and it is possible to 
pass gradually and without break 

*from one to the other. 

And now let us see what are the 
main properties of this colloidal 
state. 

If we dissolve, say, two or three 
Jiarts of gelatin in a hundred parts of 
water, we obtain a rather viscous 
liquid* which* on being cooled down, 
“ sets ” t<f a firm jelly : and this 
felly on being heated melts again to 
a viscous liquid. In this case, there- 
fore, which is familiar to every one, 
a reversible change from the liquid 
or sol state to the state of a more or 
less rigid jelly known as a gel can 
be effected. If we add small quantities 

• of salts to this gelatin sol there will 
be no apparent change, but it will be 
found that the temperature at which 
gelatin or t the change from the 
liquid sol to the rigid gel takes place, 
is altered ; it is raised or lowered 
according to the salt taken. 

But a very different behaviour is 

* found in the case, say, of the colloidal 
sol of sulphide of arsenic (arsenious 
sulphide), obtained \>y passing sul- 
phuretted hydrogen into a solution of 
white arsenic (oxide of arsenic). This 
is a clear yellow coloured liquid 
which can be passed unchanged 
through filtering paper (a finely 
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porous, unglazed paper), it is as 
mobile as water itself, not viscous 
like the gelatin sol ; and it does not 
set to a gel when cooled dojvn. The 
water indeed, may be frozen to ice, 
but, on thawing the ice the sol of 
arsenic sulphide is obtained as before. 
The arsenic sulphide* sol, also, differs 
very markedly from the gelatin sol 
in its behaviour towards salts. By 
the addition of even small amounts of 
different salts the sulphide of arsenic 
is caused to # separa^ out as an 
insoluble yellow solid. 

This marked difference in the 
behaviour of colloidal solutions of 
gelatin and of sulphide of arsenic, 
which may be taken as typical of 
two classes of colloids, is traceable 
to a distinct difference in the nature 
of the Two sols. In the case of the 
gelatin sol we have a mixture of 
two liquids ; it is comparable, there- 
fore, with an emulsion say, of oil 
and water, and is, for that reason, 
called an emulsoid. When jelly 
formation takes place, a honey- 
comb structure is produced due to 
the separation of the sol into two 
parts. One part, forming the walls 
of the “ honeycomb ” consists chiefly 
of the colloid (gelatin), with a little 
water ; the other part, Idling the cells 
of the “ honey-comb " consists chiefly 
of water with a little of the colloid. 
When such an emulsoid colloid is 
examined by means of the ultra* 
microscope, no definite particles are 
seen, but only a general diffused 

In the case of the colloidal solutiog 
of sulphide of arsenic, however, we 
have a mixture, not# of two liquids, 
but of a solid (arsenic Ailpliide), and 
a liquid (water) ; and c^caminatiop 
with the ultra-microscope shows that 
the arsenic sulphide is present in the 
form of minute particles too small to 
be seen by the eye. Such a colloidal 
sol is therefore comparable with an 
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ordinary’ suspension, such as muddv 
water, and is therefore called a 
suspensoid colloid. 

One of the most marked charac- 
teristics of suspensoid colloids, and 
one which we have already seen 
demonstrated in the case of sulphide 
of arsenic, is found in the fact that 
addition of salts, pr speaking gen- 
erally, of electrolytes, brings about, 
with varying degrees of effectiveness, 
the separation or precipitation of the 
colloid in an insoluble form. A 
similar Ixdiaviour is found in the 
case of ordinary line suspensions, t'.g., 
of day in water, and this is sometimes 
of considerable geological or geogra- 
phical importance. Thus, the 
sedimentation of finely divided, water 
borne clay is markedly influenced bv 
the purity of the water transporting 
it, taking place more radiplv when 
salts are present than when they are 
absent. This, indeed, is one reason 
for the rapid deposition of river mud 
on mixing with sea-water, and for 
the consequent silting up of river 
mouths and the formation of deltas, 
such as has taken place at the mouth 
of the Nile. 

But this precipitation of 
suspendsoid colloids and the sedimen- 
tation of fine suspensions by 
electrolytes, is counteracted more or 
less effectively by the presence of 
emulsoid colloids (e.g. gelatin or 
albumin) so that, in their presence, a 
much larger amount of electrolyte is 
necessary to produce precipitation or 
sedimentation. The emulsoid colloids 
exert a “ protective " action, and the 
suspension or the suspendsoid colloid, 
is rendered much more stable. Indeed, 
so stable may the colloid become 
that the colloidal sol may even be 
evaporated to dryness without des- 
troying the colloidal state ; on 
treating the dried solid with water, it 
passes back again into the state of a 
colloidal sol. Such colloidal sols 
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(*’-£., colloid silver or collargol), now 
find important uses in medical prac- 
tice as powerful haetercides. 

In the manufacture of photographic 
plates, prepared by coating plates 
with gelatin containing a line 
suspension of silver bromide', we have 
an important industrial application of 
the protective action of emulsoid 
colloids. If a solution of potassium 
bromide is added to a solution of 
silver nitrate, silver bromide is formed 
and separates out as an insoluble 
curd, quite unsuitable, on account of 
its coarseness, for photographic pur- 
poses. But if gelatfh is fust dissolved 
in the solutions < 1 potassium bromide 
and of silver nitrate, no curdy 
precipitate, but only a uniform 
colloidal suspension of very line 
particles of silver bromide is obtained 
on mixing the solutions. 

The protective action of emulsoid 
colloids and the precipitating action 
of salts, are excellently illustrated, 
also, on a large scale in nature. Some 
of the great livers of the world, like 
the Mississippi, and the storied Nile, 
whose turbid waters have from time 
immemorial eairied in tbeir bosom 
the promise of bountiful harvests are 
always muddy, whereas other rivers 
which are even more swiftly flowing, 
like the Ohio, are, except in times of 
flood, perfectly clear. In the case 
of the first two rivers there is much 
colloidal organic matter washed into 
them by which the clay and soils are 
retained in a state of fine suspension ; 
and it is only when the rivers reach 
the salt waters of the sea that the 
suspended matter is precipitated with 
the production of river bars and 
deltas. In the case of t he River Ohio, 
however, the water remains clear, 
owing to the absence of colloidal 
organic matter and the presence of 
lime and other salts. 


A New Slide Rule 


We have received from #J. Rieger, 
Professor of Reinforced Concrete 
Structures at the polytechnic High 
School of Brno, Czechoslovakia, some 
particulars of a new slide rule which 
has been brought to perfection after 
some twelve years of labour, for the 
purpose of eliminating the somewhat 
tiresome and fatiguing process caused 
by the ordiq^ry method of calculation, 


where it is not possible to arrive at 
the result by the first attempt. 

The rul6 is applicable to the 
determination of tensile, compressive 
and shearing stresses in beams, direct 
compression in struts, pillars and 
columns ; combined bending and 
direct stresses ; and to arithmetical 
operations including multiplication, 
division, involution, and evolutions. 


An instruction book in either English, 
French, Czech completes the equip- 
ment. With this instrument engineers 
can readily prepare designs for every 
type of reinforced concrete structure 
and can check the accuracy of the 
designs submitted by firms in com- 
petition. Full particulars may be ob- 
tained of this Slide Rule on application 
to Mr. Rieger, at the above address. 
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Boif.l-R Pi.ant Testing. - By 
David Brownlie, It. Sc. Hons, 
(lyond.), K.C.S., A. M. I. Min. E., 
Am. vSoc. M.E., A. I. Mcdi.lv. 

# Published by Messrs. Chapman 
& Hall, I Ad., 11 Henrietta Street, 
Iyondon, W.C.2. Price 10s. Od. 
nett. 

This new text book on steam 
boilers may be said to be unique. 
We do not remember ever having 
read a text book which carried so 
much criticism coexisting methods as 
does this new publication of Mr. 
Brownlie's. 

It is, however, hv no means all 
criticism, and the first sentence in 
the introduction gives the key to 
the contents. This sentence reads as 
follows : " There is at. present no 

practical and definite code in Great 
Britain, for boiler plant testing, and 
consequently such tests are largely 
carried out according to the fancy 
of the patticular engineers engaged.” 

As is generally known, Mr. Brownlie 
has been responsible for carrying out 
a very large dumber of boiler tests 
throughout Great Britain, and during 
the process has collected a vast 
amount of data on the subject, llis 
new book records the results of these 
tests, and at the same time forms 
the basis for a new standard code of 
boiler testing, and he proposes that 
such code should be compiled by the 
combined efforts of the leading 
institutions of Great Britain, America 
and Prance. 

Regarding Mr. Brownlie’s criticism 
it is mainly against the standard code 
adopted by the Institution of Civil 
Engineers, London, and wc propose 
to refer to a number of these criticisms 
and in doing so we would remark 
that Mr. Brownlie's very severe 
attitude towards them would seem 
to show that this code is apparently 
in a very similar position to some of 
the old British laws, that is to say, 
that they have become fossilised 
with age, and that they should now 
be taken in hand in a systematic 
manner and brought up to date in 
every detail. c 

The early part of Mr. Brownlie's 
book gives a vast amount of detail 
relating to his tests, and briefly they 
show that the nett working efficiency 
of some 400 different lx>iler plants, 
having a total coal bill of 3,250 ,000 
tons per annum, with 1,513 boilers 
in 49 different industries is only 
58 per cfettt. 
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Reviews 

The author states that boiler plants 
are being worked in Great Britain at 
any figure from 32.5 to 82.2 per cent, 
efficiency. The nett result of 100 
colliery boiler plants, with 570 boilers 
and a total coal till of 1,250, (XX) tons 
per annum, is a nett working efficiency 
of 55.52 per cent., 00 boiler plants iu 
the Chemical Industry, with 236 
boilers, and a total coal bill of 
020, 000 tons j>er annum, give 57.1) per 
cent., whilst 05 boiler plants in the 
Dyeing, Bleaching, Calico-printing, 
Finishing and Allied industries, with 
217 boilers, and an annual coal bill 
of 275,037 tons, showed a nett work- 
ing efficiency of 01.41 j>er cent. Also, 
40 paper-mill boiler plants, with 112 
boilers and a total coal bill of 291,145 
tons, gave an efficiency of 05.07 per 
cent. In general the author states, 
as a result of his extensive experi- 
ments, that of the 90,000,000 tons of 
coal per annum burnt in Great Britain 
for steam generation, no less than 
20, (XX), (XX) tons are being thrown 
away through lack of modern scientific 
methods, that is to say, the adoption 
of such methods would reduce the 
annual coal consumption of steam 
boilers by 22 per cent. Mr. Brownlie 
gives this mass of information, based 
upon his own original work, merely as 
an argument that it is absolutely 
essential to test boilers regularly, 
and that it is necessary to have a 
proper Boiler Testing Code. # 

Mr. Brownlie deals in a very lwcid 
manner with the particularly difficult 
question of the gross and nett heating 
value of the coal, and suggests that 
the determination of hydrogen should 
be abandoned altogether, taking the 
gross heating value of the coal based 
on its analysis in a bomb calorimeter. 

The analysis of the flue gas is 
dealt with at great length, and Mr. 
Brownlie has some very pungent 
remarks to make regarding the 
Institution of Civil Engineers’ Code 
in this respect. Mr. Brownlie states 
that this Code regards all instruments 
of precision, such as water meters, 
steam meters, combustion recorders, 
pyrometers, etc., with contempt. The 
code, Mr. Brownlie states, condemns 
all CO -2 recorders as being ‘inaccurate, 
although he says tflfere are 15 or 20 
different makes on the market, most 
of which dave been tested by the 
National Physical Laboratory. The 
Civils’ code, however, goes on to say 
that if CO-i recorders must be used, 
the best machine is the “ Ados,” and 


Mr. Brownlie very unkindly points 
out that this is an entirely obsolete 
German machine, the last of which 
was sold in tlrfs country in 1907. 

This particular instance probably 
puts Mr. Brownlie's ease in a nut- 
shell as regards out-of-dateness of the 
present Civils’ Code. 

Another rather extraordinary 
example giver? by Mr! Brownlie, is 
with reference to gas sampling 
apparatus, when he states that the 
Civils' Code recommend some method 
published many years ago by Pro- 
fessor Breckenridge of America, and 
that Mr. Brownlie has written out to 
America to try' and get hold \>f this, 
and that he has not been successful, 
but he learns from the United vStates 
Geological Survey, that it is obsolete 
and lias been out of print for some 
years. 

Still another point is the question 
of measuring feed-water. Mr. 
Brownlie states, that there are alxmt 
20 water meters on the market, but 
in spite of this fact the Civils' Code 
refuses absolutely to have anything 
to do with water meters, and insists 
on the tank method even for testing j 
at sea. 

Considerable attention is given in 
i he book to the intricate question of 
the amount of moisture in steam, and 
also to the question of the specific 
heat of steam. Here again the 
Civils’ Code seems to take uf) a 
Hopelessly out-of-date attitude, in- 
sisting, for example, upon the 
standard figifre of 0.48 per cent, for 
the specific heat of steam. As Mr. 
Srownlie points out, Knoblauch and 
J akob's famous work upon the super- 
heat of steam can be purchased in the 
form of curves for a few pence, and 
shows that this figure varies from 
0.45 to 0.085. 

A further important point which 
•Mr. Brownlie emphasises is the steam 
used as auxiliary power in the boiler 
house ; this is a point which is 
frequently ignored by power plant 
manufacturers when in competition 
in selling their plant, and the innocent 
purchaser is not likely to be able to 
make comparisons on this particular 
* factor, unless he happens to have the 
services of the competent consulting 
engineer. Mr. Brownlie states that 
in the average boiler house, the 
auxiliary apparatus is taking any- 
thing from 3-12 per pent, of the 
steam generated for the use in 
(Continued on Page t 168 .) 
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Small Talk on Railways (v) 


C ^ONSIDKRING now the 

springing of the Locomo- 
tive : the general practice 
is to use lumenated steel 
springs, and there are two 
systems of arranging these, namely, 
the underslung and the overhung 
methods. (See sketch No. 151)). 
Of course, with the overhung system, 
there is no doubt that the springs 
are well up, and therefore, are not 
apt to foul, and are generally easier 
to get at. In both types of springing 
the forces which act on the spring 
are identical. Regarding the wheels, 
these are built up generally with 
Cast Steel Centres, which are bored 
to receive the axle, and turned on tin* 
outside to receive the tyro The tyres 
are made of a very hard steel, and the 
diameter to which they are bored is 
fixed, so that to get the tyre on to a 
wheel centre, it has to be heated, to a 
temperature of abovit 250 degrees. 
When the axle has been pressed home, 
the tyres are then placed (*1 the wheel 
centre, which it naturally grips, due 
to the contraction upon coming 
back to normal' temperature. 

A second check, to stop the tyre 
from coming off, can be carried out 
in one or two ways. One way which 
is generally adopted by the Indian 
Railways, is to place a set screw 
nearly midway between each spoke, 
which is screwed through the rim of 
the wheel centre and inJ:o the tyre, 
generally to a depth of about l^in. 
(See' sketch No. 40). In KYigland 
most of the tyres are fastened on 
by the use of a retaining ring and 
rivets, the latter gy through this re- 
taining ring, the rim of the centre, 
and then through the flange on the 
tyre. (See sketch No. 41). Tyres 
' when first put on to the centres are 
generally about 3 in. thick on the 
tiead, and are scrapped when they 
wear down to about half this thickness. 


Referring to the amount of contrac- 
tion which is allowed on a tyre, this 
is about 1,000th part of its diameter, 
being found to be all that is necessary. 
Crank pins where they enter the wheel 
centre are sometimes parallel, and 
sometimes slightly tapered, and are 
pushed in under hyrdaulic pressure*, 
and finally riveted on the other side. 
(See sketch No. 42). 

When one reads of, say, a 5 ft. 0 in. 
gauge Locomotive, this means the 
distance between the rail centres ; 
there are numerous gauges all over 
the world, such as 4 ft. 8£ in., metre 
gauge, or 3.28 ft., 3 ft. 6 in., 00 cm., 
or 2 ft. 

f Now that the main points on a 
Locomotive Kngine have been ex- 
plained, the next thing to consider, 
is lfow the forward mo lion is trans- 
mitted to the train which it draws 
behind it, and this is done by the use 
of a draw bar. (Sec sketch No. 43). 
The section of a draw bar is generally 
about five square inches, and made 
of best Yorkshire Iron, so that 
the hook will generally bend before 
it breaks, the load that this would 
bear before if finally broke would be, 
roughly speaking, about 110 tons, 
and when one comes to think that 
the pull required to start a pretty 
heavy train from rest is about 9 tons, 
this gradually dying away to 3 tons, 
when the train is moving at a speed of 
► about f>0 miles per hour the safety 
factor of these draw bars is quite 
high, being about 11 to 1. The 
forward motion of the Locomotive is 
caused through the adhesion between 
the wheels and the rail. When the 
wheels are made to revolve, due to 
the entrance of steam into the 
cylinders, this force causes a turning 
movement on the wheel, through the 
connecting rod and crank pin, this 
motion is called tractive force, and 


therefore varies in power, according 
to amount of adhesion and the 
number <>t wheels which utilize 
adhesion. To apply the principle of 
work to “ Tractive lmrce, means 
" The work done by the steam on 
the piston, is equal to the work done 
on the rail by the tyres due to 
friction.' ’ 

From this the reader will now see 
that the more coupled wheels one 
has on a locomotive, the greater 
the tractive force, the other wheels 
are merely for running purposes. 
Take an engine with a gauge of 5 ft. 
(liu., when the weight per axle will 
run about 13.5 tons, therefore the 
number of coupled wheels, bearing 
this weight, will require to be 
multiplied by this weight, to arrive 
at the totai tonnage available for 
adhesion. In very dry weather each 
of these tons represent 000 lbs. of 
adhesion, in very wet weather 550 lbs., 
misty weather or greasy rails 300 lbs., 
frost or snow, about 200 lbs. so that 
supposing the Locomotive was an 
eight wheeled coupled (i c., four axles 
coupled together), then the tonnage 
suitable for adhesion would be 54 tons, 
and the total pulling power of the 
engine, in dry weather, would be GOO 
by 54— 32,400 lbs., which equals 14£ 
tons. I 11 misty or foggy weather, this 
would mean about 7.25 tons, and is 
called the “ Draw liar Full," which is 
the technical way of expressing the 
value of Locomotive power. In the 
case of a metre gauge engine six 
wheeled coupled, the load per axle 
► is roughly 8 tons, and therefore, in 
dry weather the draw bar pull would 
equal to 0.25 tons. From the above, 
the reader will see that adhesion, 
limits the size of cylinders on a 
locomotive, and thus finally, the 
weight on the axles, which is governed 
by the strength of permanent way 
materials. 


Locomotive Dotuila 


THE CHANNEL TUNNEL 


Onk of the most important trans- 
portation links in the world has >et 
to be forged, and once this has been 
done there can be little doubt that 
there will be a tremendous develop- 
ment in both passenger and freight 
traffic, between the British Isies and 
the Continent of Europe. This 
tunnel under the English Channel, 
which lias been the dream of many 
transportation enthusiasts for years, 
has beep long delayed, and despite 
very strong support for it both in 


England and France, there still 
appears to be some grave reason to # 
urge the responsible authorities to 
look askance at the proposal. It 
cannot well be a military reason, 
because the improvement in aerial . 
transport has ma*ie England no 
longer an island, but that there is 
some strong objection to the con- 
struction of the tunnel was indicated 
the other day in answer to a question 
raised in the House of Commons. 
From the public point of view, it is 
indisputable that the great mass of 


opinion is directly in favour of the 
constructiorf of this important link, 
and a* The Times well said recently 
it surely ijj not beyond the wit of 
man to devise safeguards which 
would satisfy any nervousness that 
may exist on military grounds. It 
has been suggested that the work 
might be executed by German labour 
in part discharge of their reparation 
liabilities, but this is a method which 
may be regarded from more than one 
point of view, and is not generally 
favoured. 
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BETWEEN OURSELVES 


The Production of Iron nnd Steel 
direct from the Ore 

T IIIv idea of obtaining iron 
awl ^ steel direct from the 
iron ore is attain attracting 
much attention. It has, oi 
course, been realised for a 
longtime that, from a theoretical and 
scientific point of view, the blast 
furnace process has a number oi 
objections. In the first place the 
reduction of iron oxides (iron ore) to 
metallic iron by this method results 
in a very impure product, because 
numerous other substances are re- 
duced at the same time and become 
mixed with the iron. Consequently 
an expensive secondary treatment for 
purification by means of the converter* 
or open hearth furnace is necessary. 
Also, the reduction of iron oxide to 
metallic iron can be carried out at 
1830 deg. I'. (1000 deg.C.), whereas iy 
the blast furnace the actual tem- 
perature obtained is atooyt 3000,deg.l\ 
(1050 deg.C.) , resulting in a great 
waste of heat and the lowering of thp 
efficiency of the process. Many 
attempts have been made to regulate 
the reduction of the iron ore, so that 
malleable iron or steel can be obtained 
direct without the necessity of ex- 
pensive secondary treatments, and the 
two chief direct processes now coming 
to the front are the “ Basset ” and the 
" Boureoud,'’ both of Trench origin. 

In the “ Basset" process the iron 
oxide is mixed with powdered coal 
and heated in a rotary kiln at 1,830 
deg.T. (1 ,000 deg.C.), by means of a 
powdered coal flame, the lower end 
of the kiln receiving the molten iron 
and sing. It is not very clear as yet 
what arc the practical results of this 
r process, whether some of the iron will 
not be lost by re-oxidation, and 
whether ordinary iron ore will in this 
way yield a pig iron much purer than 
the ordinary blast furnace product, 


and particularly also what will he the 
coal consumption of the process. 

The " Boureoud ” process consists 
essentially first in the separate manu- 
facture of a strongly reducing gas at 
high temperatures, and then the 
separate reduction of the iron ore V>v 
this gas in a revolving furnace. As 
the reducing temperature is never 
sufficiently high to fuse the iron 
produced, there is installed as an 
auxiliary for the purpose an electric 
smelting device. A special producer 
plant is used lor the gas production, 
in which pulverised fuel is injected 
with heated air, and the time element 
necessary for the maximum produc- 
tion of CO (carbon monoxide), is 
given by causing the products ot 
combustion to travel through long 
flues. Almost any fuel can be used 
in this producer, coal, oil. lignite, etc. 
The reducing gas is then led into the 
rotaVy furnace containing the iron 
ore, which has a special lining, so that 
the gdses are compelled to follow a 
long spiral path and come into com 
paratively prolonged contact with the 
ore, whilst travelling also in the 
reverse direction. The temperature 
of the reduction of the iron oxides 
to iron is so low that the impurities 
in the ore, especially sulphur and 
phosphorus compounds, are not re- 
duced at all and pass direct into the 
slag, along with the silica and man- 
ganese compounds. The mass left in 
the furnace, chiefly pure reduced 
iron, is then taken out of the furnace, 

• compressed, and melted in an electric 
furnace without any air being present. 
The enormous possibilities presented 
by this process are obvious, and » 
further information will he awaited 
with great interest. 

AAA 

The Liquefaction of Coal 

The development of the low tem- 
perature carbonisation of coal has 


forced us to realise that the burning 
of law coal, and the eonsmuptinn as 
mere fuel of all the valuable volatile 
matter, constituting in averages 2f> 30 
pet cent, ol the weight nl the coal, is 
a thoroughly uneconomical and un- 
scientific pioeeeding. Thus, by low 
temperature carbonisation, l ton of 
coal is first made to yield 3 1 gallons 
motor spiiit, IS 20 gallons oil, and 
15 lbs. sulphate ot ammonia, Vie lore 
being used as fuel in the shape of low 
temperature coke. A vast amount of 
research work is, however, being 
carried out with the object of still 
further increasing the yield ol liquid 
products fiom coal, and in this 
connection the publications of the 
Coal Research Institute at Mulheim 
(Westphalia), are of great iutciest. 
One of the general lines of research 
investigated, which is also attracting 
much attention in (beat Britain, is 
the treatment, of the pulverised coal 
with hydrogen, which reacts with a 
considerable portion of the com- 
plicated organic compounds constitut- 
ing coal, so as to increase the yield 
of hydrocarbons. Thus at high 
pressures, about 1500 lbs. per square 
inch, and at a temperature of say 
572/002 deg.lv (300 350 deg.C ), a 
large amount of hydrogen is absorbed, 
and the greater portion of the coal 
substance is converted into liquid, 
and low melting point solids, chiefly 
hydrocarbons, without any gas, whilst 
almost the whole of the nitrogen is 
converted into sulphate of ammonia. 
The German investigator Bergius is 
stated to have converted no less than 
80 per cent, of coal into hydrocarbons, 
and substances allied to the phenols, 
by treatment with hydrogen at still 
higher temperatures and pressures. 
It is well realised that coal is very 
susceptible to oxidation, as we know 
from coal storage troubles, and Fischer 
and Niggermann have shown, as a 
result of a long series of researches, 
that ozone has a remarkable action on 
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anil, ami that many qualities of coal 
can in tin’s way he co mp/efe/v litj iw- 
tied ami converted into complex acid 
organic compounds containing oxygen, 
and soluble in alcohol or water. By 
this method it is stated that even an 
anthracite coal, containing only about 
5 4 per cent, volatile matter, ran be 
converted into 4H per cent, of li<juid 
products The method, however, is 
too costly for practical application, 
and experiments are now being rallied 
out with compressed air. The coal is 
finely ground and mixed with a 
solution of sodium caibonate, and 
then treated wi^h compressed air in 
steel containeis at 55H 592 deg. 1 ; . 

( 170,200 deg.C) Oxidising methods 
of this description yield about 40 ] u-r 
cent, of the weight of the coal in the 
form of soluble organic compounds 
There is eveiv prospect, therefore, in 
the near future of actually liquefying 
many varieties of coal and lignite, and 
obtaining an enormous yield of motor 
spiiit ami " Uicsel ” oil. 
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London to Bombay Air Service 

The Shell Company, in conjunction 
with Commander Burney and Messrs. 
Vickers, have put before the Home 
Ciovermneut a proposal to run a 
mail and passenger service by Air- 
ship to India. The Airships will be 
live million cubic foot capacity, 
capable of living at SO m.p.li., and 
carrying 200 passengers. 'I'he pro- 
bable fares, London to Bombay, will 
be £ 70 first, and £45 second class. 
Monthly return tickets £90 first and 
£()0 second class. The proposal was 
put forward in order to develop 
Umpire communications in speed and 
cheapness, as owing to the economic 
chaos in Europe resulting from tlu* 
Wat the commercial community are 
turning to the Umpire as their held 
for development. No promotion pro- 
fits are being taken by any party, ami 
all that the promotors require is a 
subsidy sufficient to pay the public 
investor a small but certain dividend 
of 4£ i>er cent, tax free oq debentures, 
and () per cent, tax free on ordinary* 
shares. It is suggested that India 
should contribute £40,000 a year 
until the Company is making profits, 
but limited to ten years. Admiralty 
and Air Board consider the scheme 
feasible, but the Cabinet doubt India 
assisting Home Government with 
continent guarantee, and appear 


unwilling tn*bear the whole liability 
fheiJisc/vcs. Jt India wards a service 
fropi London to Bombay in three 
ami a half days it is urgent that Home 
Government should be informed that 
subject to ratification by Parliament 
and approval of Home Government 
that India will contribute £40,000 
a year.” 


New Apparatus Determining 
the Efficiency of Boiler 
and Pipe Coverings 

Mr. C. Jakeman of the National 
Physical Laboratory, has devised an 
improved electrical apparatus for 
testing the efficieiiev ol boiler and pipe 
cowrings at the high temperatures 
now being adopted in super-station 
work. The new apparatus, which is 
an improvement on a previous one, 
which however, only bad a range up 
to 450 deg. I'. , consists of two lengths 
of 4 in. mild steel pipe, tlu* ends 
being closed by blind flanges. In 
order to eliminate radiation errors 
Irom these flanges, one pipe is much 
shorter than the other. I5j feet, as 
against two feet, and the apparatus is 
so arranged that the errors are 
eliminated by difference and the 
actual length of pipe tested free froyi 
these errors is the difference in the 
length, that is ll jleet. Tile pipes are 
heated inside, by means of six*con- 
centric circles ol wire througl^ which 
an electric current is trussed , so 
arranged that, irrespective of the 
number of sections of wire that are 
in operation, the heating is always 
uniform. If all six sections are in 
operation the current required is 
about 20 K.W., and the temperature 
ol the surface of the bare pipe is 
about 1,000 deg.lv In calibrating 
the apparatus and maintaining the 
pipe continually at any required 4 
temperature, two methods are used, 
first a platinum wire placed just 
inside the pipe walls to act as a 
resistance thermometer in the usual* 
way, and secondly a number of 
thermo electric couples soldered into 
tiny holes drilled in the wall of the pipe. 

The tests are ya tried out bv 
determining iirst *thc amount of 
electrical energy required to main- 
tain a standard tenq>erature in the 
bare pipe for a number of hours, and 
then carrying out the same observa- 
tions with the pipes covered and 
maintained at an equal temperature, 


subtracting the figures for the short 
pipe from that of the long pipe in 
order to get the nett figures for the 
true te$t length. In this way any 
quality of boiler and pipe covering can 
be tested for efficiency under varying 
conditions of pipe temperature and 
thickness of coVcring. A good class 
covering such as So per cent. 
Magnesia, Slag Wool, and Asbestos- 
Diatomite mixtures, will give 1)2-05 
per cent, efficiency, and it can only 
be emphasise^ that it; is the poorest 
possible policy to buy cheap and 
inferior coverings anything from 70- 
Si ) pef cent, efficiency. 


Railway Supplies for India 

In answer to a recent question ill 
the House of Commons, I/>nl Peel, 
Secretary for India, issued a written 
statement giving particulars of orders 
for locomotives, rolling stock and 
railway material for India, which had 
been placed in Great Britain, 
Germany, Belgium and America, since 
the Indian Government entered on 
its new railway programme. The 
statement indicated that the orders 
placed since March 1st, 1922, by the 
High Commissioner for India, in 
% respect of State railways included 
£19,000 for locomotives and parts, 
and £1,790 foi general store* (a total 
of £20,700 from America and £18,200 
for locomotives from Sweden. Great 
•Biitain had received orders for 
£555.5 00, representing £84,000 for 
locomotives,* £147,000 rolling stock, 
£9,200 lo% permanent way materials 
find £115,500 in respect of general 
stores. Germany had received orders 
for £15,100, mainly for rolling stock, 
and Belgium orders for £4,100 for 
rolling stuck and permanent way 
materials. These figures relate solely 
to the State railways, but similar 
» figures are being obtained as to the 
orders placed on behalf of the com- 
pany-worked railways, and as they 
are of especial interest just now, the 
figures will ne given in these columns 
as so<m as they are available. 
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On page 83 of our September issue 
we omitted to insert below the section 
of the Impulse type .steam turbine 
that it was by The British Thomson- 
Houston Co., Ltd. t 
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THIS SECTION DEALS WITH THE GREAT BASIC INDUSTRIES OK INDIA. 

IN THE PRESENT ISSUE WE DEAL PARTICULARLY WITH IRRIGATION 
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Irrigation Enterprise in India 

The following extracts are taken from the remaining portion of Mr. 

/'. IF. lF(W.s* fiifer, read before the Royal Society of Arts ( Indian Sec # 

(ion), t his paper deals with the subject in a most complete manner, but 
we are only able to give here some of Mr. Il’cWs reasons for condemning 
the Sitkkur Rarrage scheme, and to refer to Ins alter notice proposal * 


The Sukkur Barrage Irrigation 
Project (1920) 

T HE contemplation of these 
excellent results has en- 
couraged the engineers and 
revenue officials of Bombay 
and Sind to put up a project , 
known as the Sukkur Barrage Irriga- 
tion Project (1020), which, according 
to its promoters, will easily put all 
other projects, present or past, 
whether in or out of India, in the 
shade, by comparison with its figuics 
of cost, and the vastnesss of its 
scope. 

My attention was drawn to this* 
project, which has received the 
approval (subject to compliance with 
certain financial precautions) of the 
Secretary of State for India, by^ 
perusal of a report of a lecture de- 
livered on the subject? a year ago in 
London, by Dr. Summers, C.I.E., the 
well-known expert irrigatufli engineer 
of Sind. So that when I was honoured 
recently by an invitation to discourse 
before this distinguished Society on 
the subject of “ Irrigation Enterprise 
in India," I felt that 1 could not 
serve the Indian public and the 
Government of India better than by 
offering my opinions on this im- 
portant project for what they may 
be worth. 

Physical Conditions of (he 
Indus Riverain • 

The River Indus, from # the point 
where it enters the Province of Sind 
80 miles upstream o4 the rocky gorge 
at Sukkur, down to its mouths at the 
sea-coast, about. 400 miles down- 
stream of Sukkur, lies along a ridge, 
alluvially formed by its own deposits 
of sediment, at an appreciable eleva- 
tion (about 20 feet) above well- 


defined valleys, known as the Hast and 
West Nara, respectively, which lie, 
one on either side of it, at distances 
varying from f> to 50 miles. These 
Xara valleys represent what may have 
at some period in the past been the 
bed of the river ; and it is quite on 
the cards that the river may at some 
future period abandon its piesent 
elevated ridge and breach its way 
into one or other of the lower lying 
valleys. A brief reflection suffices to 
show that it is comparatively easy to 
irrigate from the river, in its high- 
water season, the greater part of the 
ridge of fertile soil that has been 
alluvially formed by the deposits ol 
silt from its own floods in the past. 
And we find, as a matter ot tact, that 
sueh # irrigation has been practised in 
the ipast, from time immemorial, by 
the primitive devices of the local 
population; long before the British 
occupation of the country introduced 
some more scientific methods into 
their design, construction and control. 
The gross area of land thus com- 
manded by existing irrigation canals 
in Sind amounts to nearly 18,000,000 
acres ; of which it is reckoned that 
nearly 1 1 million acres represent 
1 culturable soil. 

The area irrigated annually by the 
existing inundation canals of Sind 
amounts to about 3 million acres, 
•or about 27 per cent, of the estimated 
culturable area of the Province, and 
it is natural and intelligible that the 
# Bombay Officials should wish to 
double or treble, if jxissible, the area 
irrigated annually. But it is equally 
intelligible that their lack of exjx-rienee 
of perennial canal irrigation may hide 
from their minds the natural limita- 
tions to any very great increase of 
intensity of perennial irrigation, in 
this article are hatted by courtesy of the 


the peculiar alluvial fnimatiou to 
which 1 haw* drawn attention. 

Outlines of the Sukkur 
Project (1920) 

The Sukkur Barrage Irrigation 
Project provides for the construction 
of a Barrage, or bridge way fitted 
with sluice gates, across the Rivet 
Indus at Sukkur, capable of holding 
up the water of the river to a level 
of 104.5 feet above the mean sea level 
at Karachi, for the purpose of 
irrigating the whole of the land on 
either side of the river, from Sukkur 
down to the town of Hyderabad. 
Tile gross area of land thus command 
ed by flow is estimated to amount to 
about 7.\ million arces, or 50 percent, 
greater than the entire area com- 
manded by the irrigation canals of 
the Nile, in Upper Egypt combined. 
It is also more than double the gross 
area commanded by the Power 
Chenab Canal, and just double that 
of the Triple Canal Project of the 
Punjab. 

The Sukkur Barrage Project aims at 
irrigating annually an area of 
5,300,000 acres ; rather more than 
the total culturable area of Upper 
and Lower Egypt combined ; more 
than double the area irrigated 
annually by the Lower Chenab Canal, 
and nearly treble that of the Triple 
Canal Project. The cost of the 
estimated Sukkur Barrage Project is 
1,842 lakhs of rupees (about 
• (12.300,000), which is nearly seven 
times the actual cost of the* Lower 
Chenab Canal, and nearly double 
the actual cost of the Great Triple 
Canal Project of the Punjab. 

These data will suffice to give a 
fair idea of the magnitude of the 
Sukkur Barrage Irrigation Project. 
Royal Society of Arts 
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The Report impresses me as being 
the work of an t ii^iiu cT of more than 
average industry, zeal, and ability. 
Hut no ainoiint of natural ability on 
the part of an engineer ran make 
up for a lark of practical experience 
of perennial canal initiation, in the 
preparation of the designs, estimate.?, 
ii^jd linanci.d loreeasts, ol by lur the 
greatest scheme of perennial canal 
irrigation that has hitherto been 
seriously put up lor approval. 

Comparison between Upper Siiul 
and Middle Kgypt 

The River Indus and the Province 
of Sind have many points ot resem- 
blance, in physical characteristics, 
meteorology, etc., with the River Nile 
and Kgypt. 

Sind, like Kgypt, is remarkable for 
the scantiness ol its rainlall. The 
climate of Sind is much hotter than 
that of Kgypt, but tin* rainfall ol the 
latter country is even scantier than 
that of the former. 

The Indus, from Sukkur to Hyder- 
abad, a distance of 240 miles, re- 
sembles tin* Nile in Middle Kgypt 
from Assiut to, say, Cairo (2, ‘to miles), 
in that it Hows on an elevated ridge 
formed of its own alluvial deposits 
by spill ; and in that it is Hanked by 
lateral valleys at a lower level than its 
own marginal land. 

And downstream of Hyderabad, 
down to the sea coast, the Indus 
has the physical characteristics of the 
Nile in bower Kgypt. 

There is in Middle Kgypt in 
ancient channel, the Jtahr Yusuf, 
which probably represents a former 
channel of the Nile, long since 
abandoned. The Ualn Yusuf runs 
roughly parallel to the Nile, at a 
distance of about live miles, but at a 
level which enables it to act as a 
drain, and it has a separate outfall at 
a low level, into the depression known 
as K1 l'ayum. Similarly, in Sind 
there is an ancient natural channel, 
the Narra (or lvast Nara), roughly 
parallel to the Indus, at a distance of 
about 50 miles from it, but at a level 
roughly 20 feet lower. 
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Pig. (4) Section through Canal-Head on 
line of flow (1920 Project) 


The Narra River 

The Narra may 
represent a former 
channel ol the River 
Indus; 01 it may even 
represent the long- 
lost si-xt/i river of 
what is iioh' known as 
the Punjab •(1'ive 
Waters), hut which 
might formerly have 
been called the "Chhc- 
n-ab " (Six W aters). 

The live existing rivers 
of the Punjab, vi/.., 
the J villa 111 , the 
Chenab (Chhciiab?), 
the Ravi, the Bias, 
and the Sutlej, are 
known, in the reach 
below their final con- 
tinence, where they 
are united in a single 
stream, as the I’nnj ■ 

Hud (Five Streams) 
a word synonymous 
with Punjab. The 
perished River Narra 
(Nuria, or Nara), is 
known also in Sind as 
llukkra, a name which 
is also applied in the 
Punjab to the “ lost " 
river, which can be 
traced upstream 
through the deseits 
of Baliawalpur and 
Bikanir, to Hissar and the Naf- 
dak ; where it may be identified 
with the Ghuggur, Chitang, • and 
Saraswati, tlowiug from the direction 
of Thauesur the sacred shfine of 
Kurukshetra, second only in saneity 
to llardivar, on the Ganges. It is 
conceivable, even, that the River 
Jumna flowed, at some remote period 
in the past, into the Indian Ocean, 
via the alignment indicated b^ the 
existing Saraswati Ilukka or Narra, 

Channels, thus forming the sixth river 
of the Chhenab (now Punjab), before 
it, as the result of some extraordinary » 
natural avulsion, turned away to the 
left and joined the Ganges to How 
into the Bay of Bengal. 

However this may be, the position 
of the Narra channel, relatively to 
that of the Indus, corresponds to 
that of the Balir Yusuf relatively to 
that of the Nile in Upper Kgypt.* 

With this noticeable difference, how- 
ever, that the practice, continued for 
centuries past, of 11 basin ” irrigation 
in the Nile Valley, has had the effect 

of silting up the valley between the _ 

Nile and the Bahr Yusuf ; whereas 1 " “ ~ “ ~~ 

no sueli action has occurred between Fig. (6) Section through Canal He* on 

the Indus and the Narra. of n ° w l Woo(!s DenKn) 


The River Indus and existing Canals of the 
Province of Sind 


Comparison of the Indus 
with the Nile 

» The average monthly discharge of 
the Nile at Assiut ranges from a 
minimum of* 2 f ,000 cusecs in May up 
to a maxynum of 325,000 cusecs in 
•September ; whilst the average 
yearly discharge is 107,000 cusecs. 

The average monthly discharge of 
the Indus at Sukkur ranges from a 
minimum* of about 20,000 cusecs in 
Jaiiuary-Februarv, up to a maximum 
of 400,000 cusecs in August ; whilst 
the average yearly discharge is 
107,000 cusecs the same as that of 
the Nile. 
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These figures indicate that the 
flood season flow of the Nile, though 
much less at its maximum, is more 
sustained, stately, and useful for 
irrigation than that of the Indus, 
which latter, with its more rapid 
transitions in magnitude of discharge, 
is more turbulent, unruly, erosive, 
and liable to change its course bv 
sudden natural avulsion. 

The ratio by volume of the water- 
borne sediment of the Nile to the 
water bearing ft, is, oif the average 
of the whole year 1/1200, and in the 
months of August and September 
about 1 /530. 

The corresponding figures for the 
Indus are, on the average of the 
whole year, 1/500, and in the month 
of August, 1/400. 

These figures indicate more erosive 
currents in the Indus than in the 
Nile ; and it is probable, at the 
same time, that the silt of the Indus 
is more sandy and less clayey less 
fertile in fact than that of the Nile. 


Official Experts Silent on the 
Subject of Waterlogging 

. The subject <>f waterlogging has 
received scant attention from those 
responsible for the Sukkur Project 
(1920). 

Almost the only reference to subsoil 
water levels in the Project, is the # 
following reference to the Kohir 
Canal tract : 

“ Very little irrigation from wells is 
practised, owing to great depth of 
subsoil water below ground level.* 
Near the river this depth varies from 
20 to 30 feet below groifnd. Ifi the 
Jamrao tract it is from 20 %> 35 feet ; 
in l'uleli and Hyderabad from 30 to* 
50 feet. In Nasrat Canals district, 
except along the river banks, it is 
from 40 to 05 feet below ground/' 

The higher official authorities have 
been vague in their ideas on the 
subject. There was a conference of 
high officials held at Karachi on the 
H)th January, 191H, and at that, 
conference, Sir. T. Ward, Inspector- 
General of Irrigation in India, spoke 
as follows ; — 

“ The (estimated) duty (ofr the 
water) must also be considered from 
the point of view of waterlogging. 

It is not possible, Ijowever, for me 
to give an opinion on this question. 
This must be left to people who know 
Sind conditions."* 

This left the responsibility with the 
Bombay-Sind pfficials. Another con- 
ference of officials was held at Govern- 
ment Hous<^ Karachi, on the 3rd 
February, 1919, under the presidency 
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ot tile Commissioner. In the minutes 
of that conference the following is 
recorded ; 

Mr. (iebbie (Chief Engineer, 
Ii ligation Works, Bombay) raises 
two points : 

(a) Danger of waterlogging. 

{!>) Minimum discharge of the 
River Indus." 

The conference then proceeded to 
discuss other matters, but avoided 
the subject of walerlogging. 

The Sukkur Barrage Project 

( 1920 ) 

The River Indus in Upper Sind, as 
wo have seen, flows on an elevated 
edge of soft alluvial soil, formed by 
deposits of silt from its own flood - 
spillij. Buckley, in his excellent 
treatise*, " The Irrigation Works of 
India," gives the following descrip- 
tion : 

“ Sind is an alluvial plain, almost, 
every part of which has been swept by 
the Indus at some time or other. 
Traces of ancient channels are to be 
met with in every direction. The 
river has gradually worked its way 
from west to east. . . . The river 
• more or less continually carries away 
its banks in one direction, and forms 
new land ill another." 

Prom time to time, during the past 
70 years, projects for the control of 
the River Indus, for irrigation pur- 
poses, by means of a weir or barrage 
built across the river at Sukkur, have 
•been mooted*, considered, and rejected 
as unsatisfactory. All experts who 
have dealt with these projects in the? 
past have been keenly apprehensive of 
the risk of the rivers changing its 
course, and deserting the Sukkur 
gorge altogether as a consequence of 
any artificial obstruction offered to 
the river's flow there. The latest 


and best considered project was one 
prepared in the year 1910 by Dr. 
Summers, C.I.K. In this project, 
which was, however, ultimately 
negatived, on the advice of a com- 
mittee of experts whom the Secretary 
of State for India consulted for the 
purpose, the site proposed for the 
barrage was at Bhakkar, just up- 
stream of the rocky gorge of Sukkur. 

With a view of minimising obstruc- 
tion to the river’s flow, the level of 
the top of the gates of this barrage 
was fixed at 192 feet above mean sea 
level at Karachi. 

The authors of the project of 1920 
have been bolder (or rasher, as the 
case may be) than their predecessors. 
They propose to build the barrage at 
a site downstream of the gorge about 
3 miles downstream of the 1910 site — 
and to have the top of the gates at 
194.5 feet above sea-level. They 
claim that the effect of the obstruc- 
tion offered by the barrage to the 
flow of the river will not extend 
further upstream than the gorge ; 
and that as the river is contained 
securely in high ground, between the 
gorge and the barrage-site, there can 
be no risk of the river abandoning its 
present channel by reason of inter- 
ference with its flow through the 
barrage. 

In this belief they are mistaken. 
They appear to have been associating 
afflux with the maximum flood only. 
# But Fig. 1 shows that the effect of 
ponding-up to 194.5 at the barrage 
in the month of May will extend 10 
miles up-stream of the barrage, and 
13 miles up-stream of the gorge. 
This will cause shoaling up-stream of 
the gorge, which wilt obviously in- 
crease the risk of river-avulsion. 
See also, Fig. 2. The Barr ago of the 
1920 Project will interfere with and 
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The River Indus at Sukkur 
Probable Backwater Effect of Barrage in May 



criticism. Have you any construc- 
tive suggestions to offer ? Can you 
suggest any alternative in preference 
to the* Sukkur Barrage Project 
( 1020 ) ; 

To this the reply is in the affirma- 
tive. • 

I would have no Barrage at all, a 
Barrage being quite unnecessary and 
a needless and heavy item of expense. 
The Lower Swat River Canal, with 
Head at Abar.ai in the NAY. Frontier 


mu. i 

obstruct the llow’ol the river through- 
out the llond season, except, ill the 
month of August. The uullmrs of the 
1020 project have probably been 
driven to this risky expedient as a 
consequence of their decision to 
include in the scope ol their project 
the irrigation at present effected 
from the canals on the light bank of 
the liver at, and below. Sukkur. 

The water surface of the river nt 
lihtiffkiir is, throughout the four 
months, June to September, at, or 
above, the level 1 91.5, on the average : 
and the authors ol the 1920 project 
mav have telt that they could not 
verv well claim to be improving the 
condition of tlic^c canals, by means ol 
the Bairage. unless they were able 
to claim that they would thereby be 
enabled to hold up the water to that 
level at all times, bv means of the 
gates. 

The fact that by holding up the 
ri\'er to the greatest practicable 
height, thev were able, at the same 
time, to inn ease the area brought 
under tlow by the North West Canal, 
as well as to deereiise the cost, by re- 
ducing the depth of excavation ol 
all the canals, no doubt helped to 
decide them to adopt that feature of 
design. 

The mean annual discharge of the 
Indus at Sukkur, is about the same 
as that of the Nile at Aswan ; but 
the mean monthly discharge ol the 
former river is about pet cent, 
greater at the height of the llood 
season, than that of the latter river. 
The Indus is, moreover, a .more 


their Barrage with a waterway 9,9C>0 
feet wide, and lloor at 170 feet above 
mean sea level. With this ample 
waterway they hope to escape the 
risk of the river changing its course, 
and deserting the Barrage on account 
of the obstruction to tlow offered by 
it But in dodging the Scylla of 
excessive afflux, they have drifted 
into the Charybdis of silt-trouble ; 
which, in the end, will necessitate 
the creation of the excessive afflux 
which they have sought to obviate. 

An Alternative to the Sukkur 
Project (1920) 

Some one may be disposed In reply 
to these ivmaiks : “ This may be all 
very well, but it is only destructive 


Province ; the Upjjer Jehlam Canal, 
with Head at Mangla in the Punjab 
(or, # raiher, Kashmir) ; and the 
Trebeiii Canal in Beliar, are all 
examples of perennial canals which 
are fed from their parent rivers with- 
out the help of a barrage* or weir 
across the latter ; and the same 
arrangement is practicable at .Sukkur, 
on the Indus, in Sind. 

Consider the case of the proposed 
Rohri Canal. The longitudinal section 
of the alignment of the first 80 miles, 
or so, of this Canal, is shown in Plate 
Y. According to the Sukkur Project 
(1020), the gross area commanded by 
this canal would Ik* 2,050,518 acres. 
I would arrange to irrigate about 00 
per cent, of this area annually; or, 
say, 1 ,800,000 acres; half in each 
season, viz., ttOO.OOO acres in the 
summer, and the same in winter. 


The Rivcr^ndus at Sukkur 
Average Mont lilvWatcr-Surf.iccSIobcs 





turbulent and badly-behaved river 
than the Nile. 

The barrage across the Nile at, 


l84 V*, 


The barrage across the Nile at, 

Assiut has a waterway 1802 feet SILL OF CANAL HEAD 182 ^^^^ 
wide, and it is designed to discharge 

the maximum flood under an afflux ; 

of live feet. The authors of the 
Sukkur Barrage Project (1920), in 

their endeavour to pass the maximum j 

flood of the Indus (assumed to be | 

1,500,000 c usees), with an afflux not FLOOR OF rarrage 

exceeding one fo<jt, have designed 
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In my scheme (without Barrage) it 
will probably not matter much at 
which site the Knhri Canal off takes, 
but I will take the least favourable 
condition by assuming that it will be 
at the lower site, where a winter 
water level of ]8fi.S*on the average, 
in the sowing season, may be expected. 

1 would fix the full supply level of 
my canal at lNff.U ; so that its bed 
level, at head, would be 175.0. I 
would give the Head Regulator a 
waterway SOOVeet. widfc. 


The discharge per foot run of cill 
would be 130115, St HU 17 eusecs ; and 
it would always l>e by '* free ” <fver- 
fall over the top of movable gate- 
cills. 

Idle regulation of supply will be 
done by three tiers of gates in t lie 
summer, as shown in Fig. (0) above. 
The lowest gate \fill, in summer, 
always be resting on the Hour of the 
Regulator ; and the middle gate will 
also always be in the position shown, 
whenever the river water level is 


above 190.0. The top gate will pass 
down from above when required for 
use, and rise again from 1k.*1ow, and 
the water will pass over its top 
by five overfall ; and when the 
river is in high llood, above, say, 
197 0. Ibis gate will elose the 
canal by abutting against a lintel at 
190.0. * 

In the winter, all gates will l>e . 
removed from the water, which will 
then How into the canal, over the floor 
at 175.0. 


Oil Refining in Great Britain 

.1 brie/ description oj the . 1 I'crsian Oil ( ompanys 
i^reat refinery which Inis recently been established at IJandarcy, 

South Wales, for the treatment of imported mineral crude ml. 


I T is not every day that a country, 
even a new one, sees the 
beginning of a new industry, and 
it is undoubtedly an experience 
for an old-established country 
such as Great Britain to witness a 
new development and that of con- 
siderable magnitude in connection 
with an important industry such as 
oil-refining. While it is true that, 
a limited extent, oil-defining has been 
carried on for years pas> with Scottish 
shale, it is equally true t<# say that it 
was not until the Anglo- Persian (fil 
Company established a great refinery 
at Llandarcy, in South Wales 
(operated by the National Oil Re- 
fineries limited), that oil-refining in 
Great Britain could be said to be a 
national enterprise. 

The decision to establish an oil-* 
refinery some six thousand miles 
away from the source of production 
was a somewhat revolutionary one, as 
it had previously been the almost 
universal rule for oil refufcrs to 
establish their plants as near to the 
source of supply as they could get 
convenient facilities for shipment to* 
their consumers. But even at this 
early date the refinery has only been 
actively working for a few months- - 
the move is claimed to have fully 
justified itself. There are, of course, 
special considerations peculiar to the 
oil industiy that make the refining 
of oil in Great Britain of particular 


national impoitancc, but in this 
article we arc not especially con- 
cerned with this aspect, the intention 
being lather to outline the scope oi 
the establishment and show how the 
new iudustiy has been developed. 

* Before proceeding with the descrip- 
tion, it may be added that the 
refinery was formally opened on June 
29^1, by the Right Hon. Stanley 
Bakhtin, M.P., President of the Board 
of Trade, and that, together with a 
number of distinguished visitors, many 
press representatives attended to view 
the works, and to see the progress 
made in the new industry. Reference 
to the views expressed at the formal 
speeches will be made at a later stage 
in my contribution. 

Initiation of the Enterprise 

While the project for the creation 
of the refinery was part of the pre- 
war policy of the Anglo- Persian Oil 
Company, it was not until 1917, that 
the Company was able to obtain the 
desired property from the private, 
owners and the Swansea Harbour 
Trust. Then, owing to w r ar conditions, 
nothing could be done, so that it was 
February, 1919, when actual o]K»ra- 
tions commenced. The undertaking 
has, therefore, been brought to its 
present stage in a little more than 
three years, and it represents an 
expenditure of three millions sterling. 


It may incidentally be remarked 
further figures will he given later- 
that the reiineiy has a present 
capacity for a throughput of 2,tMH) tons 
of crude oil daily, and that an increase 
of 50 per cent, in capacity has already 
been decided upon. 

The refinery site is situated in the 
neighbourhood of Skewcn, and the 
first essential was the building of a 
spur line from the Great Western 
Railway. When operations com- 
menced the area now occupied by the 
extensive plant and tank farm was a 
waste of rabbit warren and low- 
lying boglaud. As soon as the plant 
began to take shape under the hands 
of the small army of workmen 
engaged, attention was paid to the 
building of a picturesque model 
village, which w'as given the name of 
Mandarcy to commemorate the late 
Mr. D’Arcy, to whose enterprise the 
Anglo-Persian Oil Company owes its 
Persian concessions. Next the con- 
struction of jetties for the oil-tankers 
at Swansea Harbour, the develop- 
ment of a "subsidiary tank farm near 
the docks for oil in transit, and the 
laying in of the series of pipe lines 
to the main tank farm, about four 
miles distant, were proceeded with. 

The plant commences with two 
storage tanks for oil fuel, situated 
close by the jetty at the harbour 
entrance, and so arranged thAt vessels 
can bunker without entering the 
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harbour. The main installation is, 
however, situated within the harbour, 
where one of the three docks, known as 
till' Oileen’s Dock, has been allocated 
to the users ot the refinery, and three 
jetties have been built (one in course 
ot construction), for the accommoda- 
tion of the oil tankers, which bring 
the crude oil from Persia. The 
vessels engaged in this t rathe are 
owned by the British Tanker Com- 
pany Limited, a subsidiary of the 
Anglo Persian Oil Company, and the 
arrangements in vogue render it 
possible lor three vessels both to 
berth and discharge, or load their 
respective cargoes simultaneously. 


to avoid any delay in the work of 
unloading or loading the tankers. The 
efficiency of the organisation is such 
that a 10, 000 ton tanker can dis- 
charge its cargo into the tanks in, 
approximately, twelve hours, and a 
vessel of the same si/.e taking away a 
cargo of refined products can load in 
about twenty hours. 

from the transit tanks, powerfuf 
direct coupled centrifugal pumps, 
driven by electricity, deliver the efude 
oil to the main tank farm, adjoiiyng 
the refinery, the distance frofh the 
tanks being about four miles. At 


this main farm there are 33 tanks, 
25 of 10,000 tons capacity and 8 of 
5,000 tons capacity, the larger tanks 
being for the storage of crude and fuel 
oil and the smaller ones for the 
storage of kerosene and petrol. The 
aggregate storr^e capacity of the 
main tank farm is something over 
75,000,000 gallons, and the total 
length of the pipe lines, apart from 
those inside the refinery, is 34 miles. 

• • 

The Planning of the Refinery 

In planning the refinery every 
advantage was taken of the know- 
ledge gained from practical experience 
in other refineries throughout the 
world, and from the studies of the 
company’s staff of research chemists, 
who have for years past been engaged 
in investigating the properties of 
Persian oil, with a view to securing 
the best results. The result is a plant 
embodying all the latest improve- 
ments and designed to give products 
of uniform quality, produced on the 
most economical basis possible. It is 
claimed that in lay-out, efficiency and 
economy of operation, this plant 
takes second place to no other of its 
kind in the world. 

The general lay-out of the refinery 
will bo seen from the accompanying 
plan. The buildings are located on the 
jjlopc of a hill, which is surmounted 
by a water storage tank and a tall 
observation tower. A searchlight 
mounted on the latter enables obser- 
vations to be made at night. The 
it* finery area, tank farm and model 
village cover (>qf) acres of land, and 
all except the* village is enclosed and 


Berthing of Vessels 

As soon as a vessel berths, its 
pumps are connected by flexible 
piping, with pipe-lines, which run 
from the berths to eight enormous 
transit tanks located on an area 
adjoining the docks. Six pipe-lines 
are provided, their si/.e ranging from 
8 to 1 2 ins. in diameter, two of them 
conveying crude oil from the ships 
and the remainder taking back the 
refined products which otner vessels 
then carry to points along the coast 
or abroad. Kacli of the eight tanks to 
which reference has been made, is 
capable of storing 10,000 tons of oil, 
and this clock area, known as the 
“ Transit Site,” with aggregate storage 
capacity for 80,000 tons of oil, with a 
powerful pumping station and the 
series of pipe lines, hjis been designed 
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ITMb. USTRIAL INDIA 



Section of Main Tank Form 

kept under guard by special police. 
As will be noted, the boiler house and 
power station are near the centre of 
the site. In the former there are six 
Thompson boilers- to be increased to 
eight when necessary —and in the 
latter are three turbo-alternators of 
2,500 k.w. each, three-phase, 3,3 p.p. 
volts, running at 3,000 r.p.m. The 
turbines are by Messrs. ] ames Howden 
and Company, and the alternators by 
the Knglish Fleetrie Company. • 

Special precautions are naturally 
taken against fire, and it may be 
noted that the locomotives used in 
connection with the traffic into an<^ 
out of the refinery, are operated on 
bottled steam — from which they have 
fittingly been nicknamed " Thermos 
Flasks,” by the employed. One of 
these locomotives is the subject of an 
illustration accompanying this article. 
Oil firing is generally used throughout 
the refinery, and a final reference to 
the plant may deal with the reservoir, 
which with a capacity of 13, (MX), 000 
gallons of water, supplies the cooling 
water required for the stills, the' 
boilers and for other purposes. 

The System of Distillation 

The refining of petroleunf is a 
lengthy operation, consisting in the 
first place of a distillation process for 
separating the oil *into the various 
fractions from which, later, the petrols, 
lamp oil, lubricants, etc., are made. 
This is followed by chemical treat- 
ment for the purification of the 
several distillates, and sometimes, as 
in the present instance, by refrigera- 
tion for the removal of the sohd 
paraffins and the subsequent refining 


of these by a heating process known 
as sweating. 

The continuous system of distilla- 
tion is employed at Llandarcy for the 
first treatment of the crude oil, which 
passes through various units in a 
constant stream. The most volatile 
fractions, which form the basis 
of petrol and kerosene, are first 
separated ; then the others in order of 
their volatility, Maximum economy 
of fuel is seemed by the introduction 
yf heat intevehangers, these utilising 
the heat from the vapours of the 
stills, and from certain residues to 


raise the temjxTature of the cold oil 
entering the system. 

From the tank farm the crude oil 
is pumped to the refinery, where it 
passes through the first distillation 
process mentioned above. Following 
the distillation from the crude oil 
stills, it is transferred to the benzine 
refinery and there agitated in an 
upright vessel, known as a washer, 
with a solution ol caustic soda, being 
partially deodorised in the process. 
The distillate so treated i* then 
passed to the benzine rectification 
stills, where it is split into such 
fractions as the rtiarkct demands 
petrol and kerosene. Kvcn at this 
stage the petrol has a fairly strong 
odour ; it is theiefore returned to the 
benzine refinery, where it receives its 
final treatment to remove sulphur 
and to deodorise it. In this process, 
the petrol is agitated with a solution 
prepared by electrolysis, this solution 
being prepared at the refinery in a 
special section of the plant. The 
kerosene undergoes a special filtration 
process through granular bauxite, 
prepared in a particular manner and 
both the petrol and kerosene, now 
ready for the market, are transferred 
to their respective stoiage tanks 
ready for delivery cither by tank 
wagons, or by vessel. 

There are, of course, other pro- 
cesses, which we need not now 
consider. It might, however, be 
added as showing how carefully the 
work is supervised that nearly 1 ,000 
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routine tests o! oil, covering every 
stage oi its progress through the 
relinetv. ate made rath day by the 
laboratory espials, in order to ensure 


unilonuity <>t product. The Coni' 
puny's main researeli laboratories are 
situated near London, but research 
facilities have also been provided at 
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the relinerv, and an interesting detail 
of the laboratory equipment is a self- 
contained unit, in which the experi- 
ments That promise success when 
carried out on a miniature scale with 
glass and test-tube are repeated in 
small working tftodels. 

The Formal Opening 

As intimated previously, the 
President of the Hoard of Trade 
formally opeiyd the iicw r refinery on 
June 211th. In welcoming the dis- 
tinguished visitor at a luncheon held 
subseifliently, Sir Charles Green way, 
Part., Chairman of the Anglo- Persian 
( )il Company, said that since the 
works were opened in July, 1921 , they 
had produced something like # 50(), 000 
tons of refined products. The Com- 
pany was so well satisfied with the 
results that it had been decided to 
extend the capacity bv 50 per cent., 
and orders bad already been placed 
for the additional plant . He also 
mentioned that the Anglo-Persian 
Oil Company now gave employment 
to 00,000 men. 20,000 in Great 
Pritain alone. He added that smaller 
plants were projected for Scotland, 
France and Australia. 
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Weeks Centre Valves 

T HE standard pattern with 
few alterations have been 
used. The two valves 
working Nos, 1 and ,'l sets 
of boxes face opposite way 
to valves for Nos. 2 and 4 sets. The 
right and left handed valves have 
the. main inlets on the same side of 
the building. In each valve there 
are four inlet and four outlet, also 
one main nutlet and one* main inlet 
sockets, all 21 in. diameter. Valve 
seats are specially made of renewable 
east iron rings. The usual rubber 
washer between valve cap and seat 
has been deleted, so in closed position 
there is a machined metal to-rnetal 
contact. A special device has been 
added ty the valve spindles to grind 
the valve cap on seat. This operation 
i 


removes any grit or grease in # the 
joint before tightening. The spindles 
are rising type and can be oj>e rated 
from the gangway level. Hand 
wheels are so grouped and marked 
that one box could be safely isolated. 
All valves are tested to twice the 
working pressure. 

Water Seals 

Adjacent to every inlet and outlet 
control valve a water seal has been 
provided for emergency use. These 
are cylindrical Wi shape and cast 
closed at top end with central 
division vane parallel to inlet or 
outlet. flange. The vane reaches 
within two feet of the bottom flanged 
end. The valve can be filled with 
water through attached IJ pipe, to a 
height not exceeding the bottom of 


inlet or outlet gas pipes, and a 
sufficient waterscal is obtained. The 
water can he drawn out by a syphon 
fixed to valve body. The discharge 
due to additional fluid when the seal 
is in use, is visible for safety. 

Liquor Drains 

Malleable'iron drains 2 in. diameter 
have •been provided for the box 
floors, anti gas mains at each inlet 
and outlet connection. Each box 
is sepafatelv connected to the seal 
pot by means of one main pipe, with 
gland cock and three branch pipes 
from box floor. Tlie drain pipes 
from gas mains are also provided 
w-ith gland cocks, and $re separately 
connected to the pot with adequate 
water seal. At each f change of 
direction in drain pipes, crosses and 




plugs have been used for cleaning 
purposes. All pipes are laid to fall. 
Two seal pots embedded in ground 
are allotted for each set* of four 
purifiers and one catch box. The 
discharge of liquor, which is visible, 
is disposed off througji a 4 in. diameter 
cast iron underground drain extending 
the whole length of house. 

Purifier and Catchboxe8 : 
Accessories 

Concrete gangways ;tre provided on 
top of box dividing the area into 
four equal parts, and forming sup- 
ports for steel covers. Inside the 
boxes there are concrete ledges and 
east iron pockets fixed on walls and 
columns to support light built up 
girder* on which wooden grids rest. 
Lattice girders have been used in 
preference to rolled steel joists, as 
the former allows better circulation 
of gas. Provision has been made for 
two tiers of grids each carrying ten 
inches of oxide. Grids are about 
8 ft. bin. by 2ft. bin. overall si/.e, and 
composed of wedge section larch 
laths and substantial oak side 
members all tied together bv long 
steel bolts. The floor of each box 


has four IS in. diameter collars, 
embedded gas tight in concrete, two 
of the same forming inlet and other 
two outlet holes for gas. These holes 
are placed as far apart from each 
other as possible, finis offering 
maximum surface of oxide in the 
passage of gas from inlet to outlet. 
1 he inlet collars lhqve live feet high 
extension pieces bolted on. The 
incoming gas is discharged at the 
top of box and has to pass through 
layers of .oxide to reach the outlets 
at floor level. There are lour oxide 
discharge valves in each box placed 
central to the four covers. Valve 
plugs are made of sheet steel with 
lifting ring on top and cast iron base. 
Valve seats are embedded gas tight 
in floor. The joint between the plug 
base and valve seat is machined, and 
the plug is securely clamped. The 
clamps are operated from the under 
side of box. When necessary the 
plugs can be lifted and the spent 
oxide discharged through holes into 
bogeys on ground level. 

Railway lines 2ft. bin. gauge with 
necessary points and crossings have 
been laid on the gloom 1 level follow- 
ing the centres of the eighty eight 


oxide discharge holes, bogeys collect- 
ing the discharged spent oxide are 
emptied into standard waggons, which 
remove the material back to the 
oxide store to be disintegrated, and 
revived for further use. 

In purifier house there are five 
lines oi iimways .‘125 feet long, fixed 
to the underside <>1 revivifying fibor 
beam*, and in catch boxes six lines 
HO feet long bolted to the roof trusses. 
The runways arc* placed overhead to 
the centre line of covers and oxide 
plugs, and are provided with Herbert 
Morris type geai diiven trolley, and 
2 ton lifting blocks., 

Steam Heating Pipe 

A steam main varying from ,‘t in. 
to l Jin. diameter, fjom cast end of 
the plant is laid the whole length of 
the* purifier supported on rolled steel 
beareis. The* main brunches out at 
three* points. At each point a full 
way stop valve, Hoyle's reducing 
valve, to reduce pressure from lbOlbs. 
to lb lbs., safety valve set at 10 lbs. 
per square inch complete with dial 
pressure gauge, all valves I Jin. 
diameter have been installed. These 
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valves are all supported on wooden 
platforms and are under the gangway 
safe from unauthorised handling. 
Uueli I Jin. diameter hraneh is sub- 


divided into \ in. diameter branches, 
which are connected to a group of 
eight purifier and two catchboxcs 
with in. globe valve on each connec- 


tion. Inside the boxes 4 in. diameter 
cast iron heating pipes are suspended 
in the shape of one loop rectangular 
coil. Hath arm of the coil is laid to 
fall towards the outlet, and rest on 
roller brackets to allow expansion. 
The inlet and outlet ends are properly 
anchored. Condensate from each 
coil is drained through a syphonia 
steam trap placed on the ground 
floor. 


Water Supply 

A <> m. water main from the west 
end of the building is provided for 
the whole length. The main is 
supported on steel beams and runs 
parallel and adjacent to the* steam 
main. A bin. sluice valve at each 
end, and 1 in. air cock and 2 in. drain 
cock screwed steam are fitted to the 
water main. Vive equally spaced 
4 in. diameter vertical branches are 
taken off the main. These branches 
are provided with in. hose connec- 
tions at purifier gangway, and re- 
vivifying floor. The water main is 
protected from frost by lading and 
heat from steam main. 

(To be coni i final) 


Mouldable Wood 


l’l, ASTI C Wood is the name given to 
the latest accessory for the use of 
pattern makers, and is manufactured 
bv Necol Industrial Collodions 
limited, a Constituent Company of 
Nobel Industries Limited. 

The adaptation of it can be 
visualised when it is stated that 
Plastic Wood when first taken from 
its container is mouldable to any form, 
yet in a few hours it sets so hard that 
although lighter in weight, «it has all 
the characteristics of wood with one 
important exception, it will not absorb 
moisture. When set hard it can be 
worked with the usual joiners or 
carpenters tends, and nails, screws, 
etc., can be driven into it without 
fear of splits occurring. 

This substance undoubtedly sup- 
plies a long felt want in the engineering 


and foundry trades. Its use in ^ie 
woodworking trades, furniture manu- 
facture and so forth, has already been 
proved. There is no doubt that in 
any sphere of manufacture where 
filling, building up and repair work of 
various kinds are carried out, Necol 
Plastic W ood will find its place as an 
accessory. 

The manufacture of Plastic Wood is 
a complicated process, and it is only 
after most careful experiments that 
it has been at last perfected* Instan- 
taneous success is predicted lor the 
marketing of this product which has 
already in the past six months 
quadrupled its sales, 
s Tt is not expensive the retail 
price being about 2s. ChI. per lb. 
according to quantity. 


Further information concerning this 
unique product can be obtained on 
application to the Manufacturers, 
Necol Industrial Collodions Limited, 
Q2 London Wall, K.C.2. 
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Sugar Machinery 


W e propose tn a short scries of articles to ileal with recent dreclopmrnts 

in the machinery used tn every hransh of the Sugar Industiv, and in ' 

this, our first article, ice arc dealing with the Sugar Industry in an 

introductory manner, recording a number of salient points which were 

brought out in the report of the Indian Industrial Commissioner. 

• 


A C C O R I) I N (x to historical 
/% records the art of prepar- 
/ % ing sugar from cane 
/ m originally came from India, 

# and it seems to l>e generally 
supposed that India is actually the 
original home of the sugar cane, at all 
events, this country is credited with 
making the lirst efforts in the evapora- 
tion of the juice to a solid substance. 

During the years which have elapsed 
since these early days, the sugar 
production of India has grown 
enormously, and this country is now 
one of the largest producers of sugar 
in the whole world, and by far and 
away the largest producer of any 
section of the British Umpire. 

The following extract taken from 
Mr. Thomas M. Ainseough’s general 
review of last year, gives the position 
up-to-date as regards India’s acreage 
in sugar, and the actual figures for 
production. 

“ The estimated total area under 
sugar cane in 1919-20, was 2,047 ,0(^0 
acres, and the estimated yield 
2,992,000 tons. The # average yield 
of Our (unrefined sugar! was 2, 531 
lbs. per acre, as coil Ip a red wtyi 
1,903 lbs. in 1918-19, and 2,310 lbs., 
the average of the preceding ten 
years. Before the war India im- 
ported annually some 900,000 tons 
of sugar. In 1919-20 the imports 
were ’408,700 tons, at very high 
prices. In spite of this reduction^ 
in imports and high prices, the area* 
under sugar cane in India did not 
expand, owing probably to the lack 
of capital to obtain oxtra labour, 
and to provide manure and irriga- 1 
tion. The Indian Sugar Committee 
recently investigated *the whole 
question very thoroughly, and the 4 
Indian Sugar Corporation has re- 
cently been floated in India, with 
a capital of five crores of rupees in 
order to extend the cultivation on a 
large commercial scale. In the 
meantime, *the Government of India 
have established a sugar bureau at 
Pusa, with the object of furnishing 


advice to cultivators, manufacturers 
and others. The bureau is in touch 
with nearly all the sugar experi- 
mental stations in the world, and 
also with the principal sugar 
machinery manufacturers in the 
United Kingdom and United Slate* 
oi America, and has collected a 
mass of valuable information with 
regard to the industry.” 

The above figures show very eleaily 
the need for expanding the sugar 
industry of India, and we propose to 
outline some of the principle points, 
which have been investigated as to 
how this industry may be developed. 


A Pioneer Sugar Factory 

On this point it is of interest to 
record that a pioneer sugar factory 
Jms been decided upon to be elected 
in South Bihar, but unfoitiuiutely 
owing to the high prices of machinery 
the scheme may not materialise until 
ne.it year. However, the scheme has 
been accepted by the legislative 
Council at a total cost of R’s 4 lakhs. 

Dealing with this enterprise in the 
February Issue of the “ Journal of 
Indian Industries and I.abour,” the 
following extract appears ; 

* " If sugar manufacture by modern 
methods is to be introduced into 
this area, it will be necessary for 
Government to pioneer the industry. 
Further, if sugar manufacture is to 
form an outlet for Indian enter* 
prise, it is desirable, if possible, 
that factories should be started on 
a smaller scale than those recom- 
mended by the Indian Sugar Com- 
mittee. After careful consideration, 
therefore, and discussion with Mr.’ 
Hultne, late Sugar Engineer to the 
United Provinces Government, and 
Mr. Wynne Sayer, Secretary of the 
Indian Sugar Bureau, it has been 
proposed that Government itself 
should put down a sugar plant of 
the most up-to-date type, capable 
of crushing 50 tons a day, at some 


suitable centre in South Bihar. 
Such a factory will, it is hoped, 
attain the three following objects; 

(1) The question whether a plant, 
which represents about the 
economic limits in small 
plants, can compete with 
larger plants will be settled, 

(2) The system of the free sale 
of cane to central factories by 
cultivators will be introduced 
into South Bihar and can be 
gradually extended ; and 

(3) A station will be available in 
which Indians can be trained 
in the chemistry and engineer- 
ing of sugar manufacture." 

We propose now to deal with a 
number of points raised in the report 
of the Indian Industrial Commission, 
which states the position of the 
industry in a very clear and concise 
manner. 

Referring to the imports of sugar 
it is pointed out that during the war 
the fall in the volume of imports was 
exactly counterbalanced by the rise 
in prices, and from this it would seem 
that India is able to spend about 10 
millions sterling a year on sugar, 
which may be regarded somewhat in 
the nature of a luxury, and that for 
her ordinary dietary gur is sufficient. 

We would like on this point to 
emphasise, wdiat seems to us a very 
excellent example of showing the 
need for modern methods, and it 
would appear that the present crude 
methods of reducing the cane to a 
commercial product, is quite in- 
capable of producing further revenue, 
and not until more scientific methods 
are adopted on the agriculture side, 
and modern methods on the 
mechanical side will revenue be in- 
creased by greater output, and at the 
same time reduce the present great 
expenditure on the imported product. 

Dealing with the improvements 
which have been carried out on the 
agricultural side in the different 
provinces the Commission's Report 
finds that in Madras considerable 
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improvements have been effected 1 >y 
the libeial introduction of diseased- 
proof cane, with the result of arresting 
the decline of the cane area in the 
deltaic tracts. Improved methods of 
cultivation have also led to an 
increase in the area under cane. 

In the Bombay district Mr. 
Keatingc, the Director of Agriculture, 
anticipates that out of the areas in 
Bombay over which irrigation is now 
extended, some SO,(HK> ^icres are 
likely to In* planted with cane. The 
Agricultural Department, by an 
application of water and manure in 
quantities actually less than those 
given by the local growers, secured a 
crop in 11H5-U» of 50 tons of cane 
yielding 0 tons of gur per acre. The 
use of ammonium sulphate together 
with oil <*ake in addition to farmvard 


manure was found to be the most 
economical form of fertiliser. 

In the North West Frontier Pro- 
vince, although situated in the ex- 
treme North West corner of India, 
and exposed to bitter frost in the cold 
weather, sugarcane is grown in this 
district under irrigation from river 
channels, on an area of III, (KM) acres, 
and a yield of over 2 tons of gur is 
obtained from an average crop of 
2N tons per acre 

• The Agricultural Department has 
for some years pas^, conducted ex- 
periments with a view to introducing 
a modem factory system of cultiva- 
tion and manufacture, and the results 
indicate that the prospects of success 
justify the establishment of an ex- 
perimental Government factory, which 
could K* develof>ed into a large 


concern drawing its supplies from a 
maximum area of 5,000 acres. 

The interesting suggestion is also 
made that the prospects of beet 
sugar cultivation have been invest 
ligated, with almost equally favour- 
able results, and it has been suggested 
that a central factory could obtain 
supplies of both cane and beet, which 
would enable it to operate for between 
seven and eight months in the year. 

This appears to us as a very 
interesting ] imposition, because it 
opens u]) possibilities of operating the 
factory plant during a longer number 
of houfs in the year, thus .making a 
sounder commercial proposition, and 
on this point it is also of interest to 
note, that prominence is given to the 
importance of oil cake as a yianure, 
and this again opens up an important 
outlet for industrial developments, 
as given an immediate market for a 
by product of the Oil Mill. 

'flic Commissions Report em- 
phasised the shortage of farm-yard 
manure, and points out that land in 
Bombay, heavily manured with oil 
eake and well cultivated, gave the 
most economical results when used 
with ammonium sulphate. 

Another opening for industrial 
development with the increase of 
sugar out put on modern lines, would 
be the developing of the actual 
manufacture of confectionery, and it 
ttould seem only a question of putting 
the sugar industry on a sound 
economical basis for this develop- 
ment to take place. 

# Turning now to the machinery side 
of the question, it is with this section 
that wie are julmarily concerned at 
the momejjt. The subject would 
conveniently divide itself into two 
sections, namely ; — The regular fac- 
tory system as ordinarily understood ; 
ami the small pla nt worked with a 
small prime mover, such as an oil 
engine. 

There is no clear dividing line 
between these two propositions at 
present, as will be clear from the 
extract quoted above from the 
" Journal of Indian Industries and 
Labour." There can. however, l>e nq, 
9 quest iop as to the economic value of 
using machinery, which would be 
power driven, in place of the existing 
.more crude methods. 

Fertilizing 

The Commission points out that 
the cost of management is a factor of 
some importance, and ftmall Indian, 
central factories should be able, in 
this respect, to hold own 
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against the somewhat expensive eon- but % re also often hired tint by linns, In the next place, the rollers are not 

trol of the larger factories. At the especially those in Northern India, usually of hardened metal, and get 

present tune the lower limit of the and Bengal, at so much a day, the worn more in the middle than at the 

factor} system seems to lx^ a mill cultivator finding the bullocks and ends. This also causes much waste 

capable of dealing with 250 tons of labour. of juice. 

cane per day, or with the produce ot The highest extraction that can be The real remedy is obviously to 

an 1 area of 25 acres in the North of effected by the best type of bullock introduce power '-crushing plant of 

India, or of 10 to F2 acres in the driven mills, is about OS per cent., or sizes suitable to the earn* area avail- 

bo lit h. Assuming a working season ol in the ease of one or two tvpes 70 able, and to the piuehusing power 

100 days, the smallest central mill percent. This high rate can only be and technical skill of the people. The 

will require 2,;>00 acres of cane in the obtained from thick cane, and can success of Midi mills, in the com- 

Nortli of India, and from 1.000 to only be maintained by the use of parativdy few instances in which 

1,200 in the spilth, (^nlv in a few good bullocks regularly relieved, they have been tried, has resulted in a 

places can such large areas be secured, Under similar conditions, about 02 tendency to concentrate cane growing 

and it is urgently necessary to en- per cent, might be obtained from in their neighbourhood, 

courage concentration of sugai»grow- medium sized canes, such as the There is a very great difference 

ing as much as possible, simultaneously sarathi grown in the United l'ro between t he rate of hoiking of power 

with the technical development of vinees. From 50 to <50 per cent, and bullock mills, 'flic icsults of 

sugar manufacture on a small scale. extraction is effected by the less comparative trials at Poona, showed 

Another factor that lias to be efficient tyi>es of mill, according to the that a three-roller mill, with rollers 

taken into account is the lack ot class of cane crushed, the number of 20 in. by 14 in., driven by an oil 

available bullock power tor crushing rollers and their setting. A two engine, could crush 4,500 lbs. <>t cane 

cane. It should be remembered that roller mil! gives about 50 per cent., an hour, against 750 lbs. with a four- 

by far the greatest portion of Indian under the most favourable conditions , lmlloek mill, and 450 lbs. with a two 

cane is made into gur, tin* cane being but it must be remembered, first, bullock mill. Kxpetimrnts in the 

crushed in bullock mills, and the that, a cultivator has by no means South of India with three roller mills 

juice boiled by the cultivator himself, always enough cattle to work his mill of horizontal type, with rollers twelve 

As a rule, the cattle power is in- up to its highest extraction capacity, inches in diameter, and eighteen 

sufficient to deal economically with and is often tempted to slack the inches in length, driven by oil or gas 

the cane grown. The cattle are over- setting of his rollers to enable the mill engines, have conclusively shown that, 

worked and weakened by the hard to work faster. The result is that he they can on an average extract 15 

toil of the mill, following on the burns under bis evaporating pans per cent, more juice from the cane 

continuous ploughing of the monsoon one-third of the sugar lie produces, than is usual with bullock mills, 

and the rabi sowings. The temptation to turn the other two-thirds into gur. Such mills require about <> B.Il.P. to 

to the cultivator to slack off the mill, 
with much resultant loss in extraction, 
is great. Again the crushing season* 
is often prolonged till the earns have # 
deteriorated. One or more of these 
conditions are usually to be found in 
all areas where cane is grown to auv 
considerable extent. It is manifest; • # 
therefore, that the expansion of cane 
growing, in the absence of a central 
factory, will be held up ifhlcss some 
suitable means of crushing cane, 
otherwise than by bullock power, can 
be devised. The replacement of 
cattle by mechanical power, however, 
will further accentuate the shortage 
of farm-yard manure, to which we 
have already alluded, raid render the 
necessity of artificial manures more* 
urgent. 

The original form of cane mill in 
India, was the old stone pestle and 
mortar, revolved by bullock power, • 
with an extraction of about per 
cent, in its most primitive form. This 
type has now almost disappeared. 

The mill with wooden rollers was an ' 
improvement on it, but worked very 
heavily, with giuch strain on the 
bullocks ; it gave an extraction of 

about 80 per cent. Various types of Cnl , hln „ PlM , „ m „ c, 

iron nulls have now for the most part 
superseded both, and these are some- 
times purchased by the cultivator, .. . . 
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drive them ; they can deal with from 
a ton to a ton -and-a -half of cane per 
hour, and ux tract sufficient juice to 
yield from 200 to 250 lbs. ol gur per 
hour. Under favourable conditions, 
the out j >n t of such mills will rise to 
300 pounds of gur per hour. Roughly, 
their r.ite of out turn is equal to that 
o£ six pairs of cattle working si >; 
bullock mills. As they ran be driven 
almost continuously day and nij'ht 
through the working season, these 
power plants will do as much work as 
21 to JtO pairs of bullocks, and bullocks 
can only be worked horn live to six 
hours a day each without causing 
undue deterioration. Kvidetu*e is 
forthcoming to show that such 
power driven mills can economically 


replace cattle for areas as small as 
40 or 50 acres, and that even smaller 
types of ]>ower driven mills can be 
advantageously employed lor areas 
as low perhaps as 25 acres. 

Where these small power-driven 
mills have been introduced, it has 
been definitely established that they 
have increased the value* ot the 
product from a given area of land by 
from 25 to MO per cent. Part of this 
is due to the fact that the* increased 
milling power enables the* crop to be 
handled at exactly the time when the 
sucrose contents are greatest. 

In conclusion we would like to 
record the surest ion which is em- 
phasised in the Commission’s Report, 
where it says, in reference to encourag- 


ing the development of power plants 
that the ideal method is to form co- 
operative societies among the growers 
of the collie, who will employ qualified 
experts to run the plants. This 
proposition appears to us, under 
present Indian conditions, to be- a 
very sound pcflicy for putting into 
immediate operation. We have em- 
phasised in this very brief introduc- 
tory article the need for adopting 
modern methods and plant, and 
the co-operative system would 
appear to offer a practical means 
wherebv power driven machinery 
could* be adopted in cases where 
capital would otherwise not be 
available. 

(To Iw coni in tied). 


The World’s Shipping 


Till-; 1 922 2M edition of " Lloyd's 
Register Rook/’ shows mole than 
2SJ million tons of shipping classed 
by Lloyd’s Register Kxcluding 
vessels of less than 1(M) tons there are 
recorded 2, (ISO sailing vessels of 
M, 027, SMI tons, and 20,255 steamers 
and motor vessels ol 01 ,342,952 tons, 
making a world total of 33,935 
vessels of 04.M70.7S0 tons gross. The 
book is also ol especial interest as 
showing the position in 1022, as 
compared with the* pie war year of 
101M, and in the following iist the 
sea going steel and iron steamers and 
motor vessels owned by the principal 
maritime countries are included. 

The countries in which the largest 
increases have taken place during the 
last twelve months are as follows : 
Germany, 1 ,IMI ,000 tons ; Holland, 

400. 000 tons ; British Dominions, 

258. 000 tons ; Japan, 232,000 tons ; 
and Italy, 231,000 tons. An analysis 
of the vessels entered in the special 
list shows that, whereas in 1014, 
there were in existence only MS5 
steamers for the carriage of petroleum 
in bulk, with a total tonnage of 

1.470.000 tons, the presetit edition ot 
the book includes 077 steamers and 
motor vessels, of 5,057.000 tons, lor 
that trade an increase of 242 per 
cent, in the tonnage. The number of 
vessels fitted with internal combustion 
engines has increased enormously 
since 1014, at which date there were 
no more than 200 such vessels, of 



| line. 

June. 

Difference 
between 1022 

Couuliy 

j*.) 14. 

1022. 

and 1014. 


Tons gross. j 

Tons gross. 

Tons gross. 

United Kingdom 

lS.S77.tHMi 

1 0,053.000 

] 170,000 

initial 1 ><unini<ins 

1,407. non 

2,201,000 

j 704,000 

America (U S )... 

1.837.000 

1 2.500,000 

-|- 10,000,000 

Austria Hungary 

I,o.">l\oou 

Nil. 


Denmark 

70S, ooo 

044,000 

-j- 170,000 

I'rancc ... 

l.nis.ooo 

3,303,000 

i 1,385,000 

( .t-rman v 

*,098,000 

1.783.000 

3,315,000 

( ... 

S20.00# 

053.000 

I -- 107,000 

Holland 

• f, 47 1,000 

2.013,000 

I | 1,142,000 

K.tlv 

1,428,000 

2,000,000 

i i LV^.ooo 

J aj»an 

Norwa v 

1 .042.000 

3.323.0OO 

i ; 1,083,001) 

i,02a, ooo 

2A37 .000 

| ! 414,000 

Spain 

Sweden 

ssa.oou 

1,187,000 

j j- 304,000 

002,000 

000,000 

j ! 4,000 

( >tlu-r Countries 

2,aos,ooo 

3,301.000 

1 j 003,000 

Total Abroad 

2*. (137,000 j 

37,740,000 

| I 14,112,000 

World’s Total 

42,514,000 

50.802,0(81 

i 

j 14,288,000 


234.000 tons recorded in the register. 
The total figures to-day are 1,030, of 

1.51 1.000 tons, including 140 vessels 
of over 3,000 tons each, with a tota^ 
tonnage of 848.000. Great develop- 
ment has also taken place with regard 
to the use of liquid fuel on board 
steamers, and it is ai> interesting, 
sidelight on the present position to 
note that, whereas in 1014, 89 per 
cent, of the tonnage of the Merchant 
Marine depended upon coal, to-day 
only 70.0 per cent, is in that position. 
It may be added that the statistical 
tables for the year include, among 


others, a new table showing for 
various countries of the world the 
number of steam and motor vessels 
according fo certain divisions of gross 
tonnage and according to certain 
divisions j>f age. Another interesting 
point is the number of new vessels 
owned in some countries. Tor in- 
stance, 63 per fent. of the seagoing 
vessels of the United vStates has been 
built within the last five years, while 
Japan has a percentage of 40, to the 
33 J of Trance and Holland, and a 
little over 30 in the case of Germany, 
Belgium and Denmark. 
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Conducted by J. D. TROUP, M.I.MECH.E. & GEO. T. TAVENNER, A.l.E.E. 

THI8 SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


Low Temperature Carbonisation (vi) 

(THE “ TOZER " PROCESS.) 

By DAVID BROWNLIE 

B.Sc. Hons. (Lond ), F.C.8 , A. M I. Min. E., Mem. Am. Soc. M.K., A.l.Mech.F... etc. 


T HE “ Tozer ” process, the 
work of Mr. C. W. Tozer, 
A.M.I. Mech.lv, 66 Victoria 
Street, Westminster, Lon- 
don, S. W. 1., consists in 
simple and direct carbonisation of 
the coal in special retorts at 000- 
1,000 deg. F., with the usual complete 
by-product recovery plant. 

The essential portion of the plant 
is the “ Tozer " patent retort, which 
is specially adapted for the production 
of hard smokeless low temperature 
fuel for household purposes. Mr. 
Tozer is of the opinion, based on a 
very long experience of coal carbon- 
isation, that the only way to obtain a 
dense and hard low temperature fuel, 
which will travel as well as coal 
without breaking up and forming an 
excessive amount of breeze, is to 
carry out quick carbonisation in a 
•retort, so that the softened and 
swelling coal is confined and subject'll 
to pressure, the pasty mass in this 
way being compressed to a* homo- 
geneous product, whilst ^t the same 
time arrangements must be made to 
take away very rapidly the gaseous 
and volatile products of carbonis- 
ation. 

The principle of the " Tozer ” 
retort is to carbonise the coal in long, 
narrow, vertical cast iron pipes, or 
tubes heated with producer gas* 
which will stand easily the pressure 
of the swelling coal. Very many 
different retorts have been con- 
structed by Mr. Tozer on this principle, , 
commencing at 10 in. diameter tubes. 
The trouble has always been with a 
* simple tube that the bad conduc- 
tivity of the coal means a long period* 
of carbonisation to get a homogeneous 
product. The diameter of the tubes 
was reduced tef get over this trouble, 
and finally a retort was constructed 
with 4 $-5 in. sections, in which the 
.carbonisation was completed in 4-4 J 
hours at l d 000 deg. F. 

The principle of the modern 


" Tozer ” retort, which, it is claimed, 
has finally got over the difficulties, is 
illustrated in the drawing and photo- 
graphs. It is constructed of cast iron 
in tlie form of a double circle or annu- 
lus, one circle being concentrically 
within the other, the annuli being 
divided into vertical cells, or sections, 
by cast iron ribs, so that the heat is 
freely conducted from the outside of 
the retort, heated as usual by producer 
gas, or the rich gas given oil during 
the carbonisation, to the inner sec- 
tions. The small central circular 
chamber is kept empty, and acts as a 
gas passage connecting the upper and 
lower end of the retort. The coal is 
broken up roughly into pieces not 
exceeding 3 in. cube, and filled into 
the concentric spaces of the retort, 
•forming therefore 8 vertical layers of 
coal. The retort is then heated to 
908-1,000 deg. F. f for 44$ hours. The 
maximum period of expansion is after 
about 3.V hours carbonising, but sub- 
sequently, when the heat has pene- 
trated right to the centre of the coal, 
there is a certain amount of shrinkage, 
which assists in the discharge of the 
low temperature fuel. As evidence 
of the pressure to which the fuel has 
been subjected, the slabs when with- 
drawn are generally found to be 
brightly polished by the contact with 
the sides of the retort. As already 
stated, the top and bottom of the 
retort are in contact by means of the 
small central circular chamber in the 
retort. The whole retort is enclosed 
and subjected to a comparatively high 
suction, about 20 in. W.G., by means 
of a fan. One of the great advantages, 
of a cast* iron retort is that it is 
perfectly gas-tight, quite unlike fire- 
brick retorts, and, in fact, many of 
the original “ Tozer ” retorts were 
worked quite satisfactorily at high 
vacuum. This is now found, however, 
to be unnecessary, and enables an 
exhauster to be used instead of a 
vacuum pump. 


The special design of the retort and 
the strong suction maintained enables 
the volatile products to get away 
from the carbonising mass in a re- 
markably short space of time. These 
products are evolved in two direc- 
tions at once, both from the top and 
the bottom, so that in actual practice 
the volatile products have to pass 
through a layer of only 5 feet deep, 
since the total depth of the retort is 
10 feet, and half the products pass 
out of the top of the retort, and the 
other half out of the bottom, in 
addition to the advantage of having 
a very high suction impossible with 
any firebrick retort. This arrange- 
ment has two advantages, first, as 
already stated, that by removing the 
gases evolved almost simultaneously 
undue “ cracking ” of valuable vola- 
tile products is avoided, and secondly 
— even more important — that 
excessive pressure does not develop 
in the retort. Undoubtedly a great 
deal of the serious trouble experienced 
in this connection with low tempera- 
ture carbonisation is due to the 
normal pressure of the swelling pasty 
mass of coal being aggravated by the 
evolution of gaseous and liquid pro- 
ducts, which cannot get away fast 
enough, resulting in the retorts being 
completely jammed up. The design 
of the “ Tozer ” retort with an outlet 
at both the top and bottom of the 
retort, and a connecting passage, all 
under high suction, is claimed to have 
got over this difficulty entirely. 

Retort Construction 

To facilitate the discharge of the 
residual fuel through doors at the 
bottom, the retorts are made slightly 
tapering, and no difficulty is stated 
to be experienced in discharging. 
If the coal used is of a coking nature, 
the slabs come out intact 10 feet 
long, the full size of the ‘sectional 
chambers of tlje retort, but if the 
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coni is entirely non coking, then 
the low temperature fuel is in the 
same physical condition as the original 
coal It may he stated that this 
retort will carbonise any car- 
bonaceous material, coal, lignite, shale, 
and peat, whether coking or non 
coking, and in any size from dust to 
3 in. cubes. 

With regard to the wear and tear 
and distortion of the cast iron retorts, 
Mr. Tozer says that this is nil. because 
in the first place undue pressure does 
not take place, for the reasons already 
stated, and secondly, because of the 
shape, and the fact that the retorts 
are free to expand in every direction. 
The photographs show part of an 
experimental plant in Iamdon which 
consists of d retorts, handling a 
charge of 5 cwt. of coal per retort. 


These have been in more or H-ss 
constant use for 0 years, and are 
stated to show no sign of deterior- 
ation. 

A very large “ Tozer ” plant is at 
present being erected at llallengeieh, 
Natal, for the South African Carbide 
and lly-products Co. The complete 
installation consists of a gas producer 
plant, electric power station, and a 
plant for the manufacture of carbide, 
iu addition to the "Tozer” low 
temi>erature insinuation. The method 
of working on this particular installa- 
tion is to first submit the coal to 
low temperature carbonisation to 
recover the valuable by-products, 
and then to gasify completely the 
residual low temperature fuel, using 
the gas for the production of electric 
power, by means of gas fired boilers 


and steam generation, for the manu- 
facture of carbide. 

The coal is delivered by wagons 
running fin a narrow gauge (3 ft. 6 in.) 
railway from the pits to an elevator 
plant, and elevated to large overhead 
coal bunkers, with a capacity of 
175 tons. 

The carbonising plant consists of 
24 " Tozer " retorts, with a total 
capacity of 120 tons of coal per 24 
hours. The dimensions of the com- 
plete bench being 75 feet long, 17 
feet wide, and 23 feet high, carried 
by soliv plates to which the locking 
and operating gear for the bottom 
covers is attached, the whole installa- 
tion resting on joists and stanchions. 

The setting is of the regenerative 
type, the hot exit gases -after heating 
the retorts passing through a series 
of flues containing chequered bricks, 
which absorb a large portion of the 
sensible heat, which is subsequently 
imparted to the secondary air supply, 
as usual. The heating medium is to 
consist of a mixture of producer gas 
and the gas evolved by the low tem- 
perature carbonisation of the coal, 
but, of course, can be producer gas 
only if necessary. The overhead 
storage bunker has two discharge 
chutes, which deliver the coal as 
required into hopper type charging 
wagons, which run along the top of the 
%-torts on a narrow (3b in.) gauge. 

The retorts are 12 ft. 0 in. high, 
and approximately 40 in. across, the 
charge being 25 cwt. (for the 8 
sections). The complete retort bench 
iJ housed in a steel building 88 feet 
long, 32 feet wide, and 34 feet high 
(to the* eaves)*, and the residual low 
temperatur#iuel is discharged on to a 
sloping hearth underneath the retorts, 
and raked down into a conveyor, and 
delivered to storage dumps. All the 
gases evolved are collected in one 
main, which is connected to each 
retort by short 7 in. cast iron pipes, 
and the gases are then exhausted into 
n condenser, consisting of a mild steel 
shell with tube plates at tjie bottom 
and top, connected by a number of 
steel tubes, tjie cooling water passing 
• upwards in opposite direction to the 
gases. The condensed tar and liquid 
overflow tlmmgh a seal pot into an 
underground separator and receiver. 
The suction in tslie retorts, about 
20 in. W.G., and through the whole 
of the installation, ij> obtained by 
means of “ Bryan-Donkin ” ex- 
hausters housed in a steel building at 
the end of the coal bunker stage, the 
equipment consisting of two ex- 
hausters, controlled by hydraulic 
regulators actuating the steam valves, 
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driven by direct coupled steam engines 
on a combined base plate, each 
exhauster being capable of handling 
700,000 cubic feet of gas per 24 hours. 
The gases, after passing through the 
exhausters, are then treated in a 
“ Pelouzeand Andnuin ’* tar extractor 
constructed by Messrs. \V. C. Holmes 
and Co. Ltd., to remove the tar fog. 
This is divided horizontally into two 
compartments. The lower compart- 
ment is the gas inlet chamber, whilst 
in the upper is the drtfm arrangement 
which separates the tar particles and 
forms also the gas outlet chamber. 
The drum consists of a single horizont; 1 
malleable iron octagonal plate, con- 
taining underneath a framewmk 
supporting a series of removable 
vertical iron plates. There are (1 sets 
of these plates, each consisting of (> 
plates, punched alternately with slots 
and holes. The composite drum has 
a tar seal at the lower end, and gives 
a wire drawing effect so that the 
heavier tar particles are separated 
from the gases. The drum is sus- 
pended over an inner cylinder by a 
chain, with counter weights attached, 
the height of the drum in the casing 
varying with the volume of the 
gas. In the exhauster house is also 
placed the tar and liquor pumps 
and wash-oil circulating pumps, all in 
duplicate. 

The gases then pass through two 
washers of the vertical centrifugal 
type, arranged in series, one washer 
removing the ammonia by means of a 
water spray, whilst the other, by 
means of a wash-oil spray, remotes 
the light hydrocarbons for the pro- 
duction of motor spirit, both these 
washers being electrically driven. 
These washers, by Messrs. Kirklufm, 
Hulett, & Chandler Ltd., consist of 
vertical cylindrical iron vessels, 
divided into a number of chambers. 
A vertical shaft, carrying sprays, 
passes through the centre of each 
chamber. These chambers consist 
essentially of specially designed tray*, 
with perforated rims, as seen in the 
illustration. The shafts and trays 
revolve at a speed of 100-150 revs per 
minute, and the gas passes up the* 
washers in the reverse wajf to the 
travel of the wash liquor in the 
ordinary. 

As already state*!, in this particular 
installation the residual low tem- 
perature fuel is completely gasified, 
and there are 7 producers, 10 feet in 
diameter, and 10 feet high, the plant 
being arranged for the recovery of 
ammonia. The gas passes through a 
mechanical washer, an ammonia 
absorber, and a combined saturator, 


and then a cooler, with centrifugal 
pumps for the circulating water. The 
sulphate house consists of the usu; 1 
ammonia absorber, centrifugal dm is. 
storage bins for the sulphate, etc. The 
residual gas is then conveyed by a 
42 in. main pipe to the gas burners, 
and also by a by-pass for heating 
the retorts. The 3 gas-fired boilers, 
with superheaters, are of the water 
tube type, ISO lbs. pressure, with a 
normal evaporation of 17.0(H) lbs. 
water each per hour, and the electrical 
plant consists of two steam turbines, 
nude by Messrs, l'raser & Chalmers 
Ltd., with direct coupled alternators, 
each having a normal output of 
1,250 K.W. These turbines are 
arranged on the economical " pass- 


out" system, nnd the low pressure 
steam is used in the producer plant, 
to which also all the exhaust steuu 
from the turbo blowers and other 
steam auxiliaries is connected. The 
output of the whole factory is 4,200 
tons of carbide per annum. 

The yield from 1 ton average *.'oal 
(say 30 per cent, volatile matter), 
carbonised by the " Tozer " process 
is approximately as follows : ~ 

4.4(H) cubic feet of gas (000 
ll.Th.l-. per cubic fool). 

3.0 gallons motor spirit (2.0 
gallons stiinpid horn the gas), 
10 gallons oil\s.<L 1.000), 

12 lbs. sulphate of ammonia, and 
l. r »cwt. ivvidiu.1 low temperature 
fuel. 
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The amount of gas used to heat the 
retorts is equivalent to 8-9 per cent, of 
the coal oybonised. 

The heating value of the gas is 
about 550-650 B.Th.U. per cubic foot, 
but when stripped for motor spirit, 
by being washed with the middle oils 
from the by-product plant, and about 
2J gallons of motor spirit per ton of 
coal extracted, the residual gas has a 
heating value of 400-550 B.Th.U. 
Any surplus ga$ am be used as usual 
for power, heating, or mixing with 
towns g;*s. 

The yield of motor spirit depends 
to some extent on the temperature of 
carbonisation, and to get the 
maximum yield a temperature of 
about 1,000 deg. F. is the best, and 
certainly not over 1,200 deg.F. Dr. 
Dunstan has carried out an elaborate 
series of experiments with the 
“ Tozer ” plant, and shown that at 
about 1,400 deg.F., the highest tem- 
perature the cast iron retorts will 
stand, the paraffinoid character of 
low temperature oils changes to the 
distinctly benzenoid nature of high 
temperature oils. 

The yield of 22 gallons of oil can be 
fractionated as follows : — 

(I) t’p to 338 <U*g. F. (170 deg. C.) — 1.33 
j ^ galls, 6.0% S O. 0.800. 

, (2) Between 338 440 deg. F. (170-230 

deg. C).- 3.00 galls. 10.50% S.G. 
0.070. 

(3) Between 440-518 deg. F. (230-270 

t deg. C) 1.99 gulls. 9.0% S.G. 

0.970. 

(4) Between 518-602 deg. F. (270-360 
deg. Cp.-7.99 galls. 30.0% S.G. 1.04. 

1 

The fraction up to 338 deg.F. 
(170deg.C), 133 gallons, combined 
with the 2.61 gallons stripped from 
the gas, yielded 3.94 gallons of motor 
spirit of very fine quality, 0.780- 
0.800 being, when properly rectified, 
vj^ter white, and with an agreeable 
odour. The middle oils, 338-446 deg. 
F. (170-230 deg. C), are good fuel and 
illuminating oils, and excellent for 
B " Diesel ” engines, having S.G. about 
0.900 and flash point 138 deg.F. The 
heavy oils are good lubricants, and 
can he combined with the middle oil9 
to give an excellent “ Diesel ” oil. 
These heavy oil fractions have a 
S.G. of 0.960, and a flash point 118- 
178 deg.F., which to within the 
Admiralty specification for fuel oils. 
The cressols in the oils t vary from 
10-22 per cent., and there is no trace ' 
of naphthalenes or anthracenes. There 
is also 5-8 per cent, of paraffin wax. 
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The residual ” Tozer ” low tem- 
perature fuel contains 9-12 per cent, 
volatile matter, so that it is entirely 
free burning and very suitable for 
household purposes. The caloric 
value is generally about 7 per cent. • 
less than the original coal, that is, 
good coal at 14,200 B.Th.U. gives a 
smokeless fuel of 13,300 B.Th.U., 
although in a few cases the calorTfic 
value is actually higher tjjan the 
original coal. It burns, of course, 
smokelessly, and with very hjgh 
emission of radiant heat, being nearly 
double that of raw coal. It is also an 
exceptionally good fuel for conversion 
into producer gas, combined with 
ammonia recovery. 

The 16 cwt. smokeless fuel gasified 
in a " Moore ” by-pioduct produqar 
plant gives 124,000 cubic feet per ton, 
146 B.Th.U. per cubic foot, corres- 
ponding to 90,200 cubic feet per ton 
of raw coal, and 106 lbs. of sulphate • 
of ammonia, making a total* per ton 
of coal of 121 lbs. ammonia. By this 
method of gasifying the residual fuel 
an enormous yield^of ammonia can be 
obtained. The analysis of the pro- 
ducer gas is carbon monoxide 18.2 per 
cent., hydrogen 23.7 per cent., 
methane 1.4 per cent., carbon dioxide 
12.1 per cegt., and nitrogen 41.0 per 
cent. 

In cotfnection with the “ Tozer ” 
process, the following remarks made 


by Professor V. Mollwo Perkin, speak- 
ing in a discussion on a paper read by 
Mr. E. C. Evans, on Low Temperature 
Carbonisation, (“ Journal of the 
Society of Chemical Industry,” 31st 
July, 1918), will of be interest. 

” The Tozer ”*retort, in which a 
vacuum was used, would deal with 
any class of coal, either coking or 
non-coking, and it was rarely there 
was trouble in getting the fuel out. 
It swelled up quickly and he 
thought that the action of the 
vacuum caused the heat to pass 
through the coal more rapidly, and 
it gave a really good fuel. With 
regard to the friability of smokeless 
fuel, he recently had a consignment 
from the " Tozcr-Marshall ” works, 
which had been three weeks on the 
railway in frosty weather, and it 
only contained about 10 per cent, 
of breeze, and even this was not 
wasted, because it could be easily 
briquetted.” 

It will not be without interest to 
give in conclusion the figures of a few 
typical coals carbonised by the 
“ Tozer ” process. 


A sample of bituminous coal gave 
the following figures .for a run of 
25 tons. The analysis of the coal 


was 

Wuter 2.08% 

Volatile matter 31.83% 

Fixed carbon 65.9t% 

Nitrogen 175% 

Ash 8.43% 


The yield was : — 

('.as approx. 4,700 c. ft. (020 B.Th.U.) 
Motor spirit ... • ... 2.2ft galls. 

Oil 10.42 galls. 

Sulphate of ammonia ... 10.8 1b. 

I.ow temperature fuel 15^ cwt. 

The analysis of the residual low 
temperature fuel being 


Volatile matter 10.34% 

Fixed carbon ... ... ... 75.4ft% 

Nitrogen 1.03% 

Ash 12.20% 


The crude oil was fractionated 
into : — 

Motor spirit-- 

3.12 galls. (312 deg. F. 100 deg, C.) 
Fuel and illuminating oil 
8.0(» galls 

(312 017 deg. F. 100 325 deg. C.) 
Bituminous pitch 75.4 lb. 
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10.0 

a. 

Newbattle eannel 

... ; 1 It 

:.o 2:1 t t oo | 

t ,:n 

j 7.00 

13.70 ! 

2S 70 



2.09 

21.8 

10.0 

7. 

lluekimll l»elt ni< kines 

. i 3 so 

21 20 4:1.70 

31.00 

1 2 20 

7 72 

2 2" 

►t 20 


0.39 

11.0 

l 4.4 

H. 

Australian (SnlphiiV Corp.) ... 

OH 

:tl so ; 77 .90 ! 

H 111 

: 7 :i 7 


H.00 

into 


0.07 

19.8 

15.5 

9. 

Wi^an eannel ... 

ir.i 

, 

77. H2 1 30.ni 1 

1 ‘ i 

:i 93 

1 O.HO 

j 

14.70 

44 70 

H7. lo 

1 

H.00 

1.17 

22.0 

10.0 


(Srr T,ihlr hrf.'W f>r . Imlysis <>f residuil l >w temper t lure tules\ fuel) . 


The low temperature fuel on total 
gasification in a producer plant gave 
145, 000 cubic feet per ton (corres- 
ponding to 115,000 cubic feet per ton 
of raw' coat), with a heating value of 
147 H.Th.IJ. per cubic foot. The 
analysis of the gas was carbon 
monoxide 10.25 per cent., hydrogen 
24.55 per cent., methane 1 . 10 percent., 
carbon dioxide 12.25 per cent., and 
nitrogen 42.85 per cent . The nett 
yield therefore per ton of raw coal is, 


in addition to 115,000 cubic feet of 
gas, 5.57 gallons motor spirit, 8 
gallons fuel and illuminating oil, 
75.4 lbs. pitch, and 104 lbs. sulphate 
of ammonia. 

The results obtained by carbon- 
ising l ton of various coals bv the 
“To/.er” process are given above in 
the form of a table. In all cases 
2 4 gallons motor spirit, to be 
obtained by stripping the gas, have 
to be added. 


Water 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

1 1 f r v 

12 90 

78.40 

8.70 

2. 10 v 

s 2<> 

82.85 

8.89 

3 10 v 

7/1 

82.30 

9.99 

4 1 >r\ 

7 

1 } 

H OS 

77.72 

1 ( 5.40 

7 . 

8 . 

i 

1030 

77 to 

1 8 . 2(1 

9. 2 27 

7.90 

H2.77 

7.02 


;hi t tlysi.j <•/ residu l fuel 


RECENT DEVELOPMENTS IN AERIAL WIRE ROPEWAYS 


Mr. J. Walwyn White, in the course 
of a paper read at a recent meeting of 
the Liverpool Kngineering Society, 
discussed the application of wire 
ropeways for transport purposes, and 
explained that there are two main 
types of ropeways. In one type only 
one rope is employed for the dual 
purpose of sustaining the weight of 
the load and of transporting it from 
one end of the line to the pthet. In 
the other, and more elaborate, tvpe. 
three ropes are used. Two of these 
ropes are fixed, and stretch from one 
line of the section to the other, one 
end of each rope usually being 
anchored down, while the other end 
passes over a balance weight to keep 
the rope up to its work, and to com- 
pensate for the varying length of rope, 
owing to stretch and variations in the 


temperature. With regard to ropes, 
Mr. White pointed out that loekcd- 
eoil ropes are nearly always used in 
modern installations by reason of the 
very low eo-eflicient of rolling friction 
on the smooth surface of the rope, 
this being in fact only five per cent, 
higher, other things being equal, 
than the co-efficient of friction of a 
railway wheel on a hard steel rail. 
It is, added Mr. White, no uncommon 
Hhing nowadays to see a locked-coil 
carrying rope, 2 in. in diameter, with 
a breaking strain,, of over 200 tons, 
giving a factor of safety of eight or 
ten on the working strain on the 
rope. One great advantage enjoyed 
by the double rope, or bi-cable 
system, continued Mr. White, is the 
ease with which angles, both vertical 
and horizontal, can be made abso- 


lutely automatically, and another is 
that the carriers, whether loaded or 
empty, are returned around the 
return terminal quite automatically. 
T ti addition, the grippers on modern 
installations arc usually of the auto- 
matic gravity type, that is, the 
weight of the load itself gives the 
gripping power on the hauling rope, 
with automatic engagement and dis- 
engagement to and from this rope, so 
.that, as matter of fact, the carriers 
are never touched 1 by hand from .the 
time they leave the loading rail, 
until they arrive baeje empty and are 
automatically detached from the 
hauling rope and run up to the 
buffer bn the loading rail, where they 
are brought up and stand ready for 
their next load. * 



POWER AND POWER 


Conducted by 
J. D. TROUP, M.I.Mech.E. 
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THIS SECTION DEALS WITH THE SOURCES, USES AND TRANSMISSION OF POWER AND WITH 'THE 
" " :: :: DESIGN AND MANAGEMENT OF* PRIME MOVERS OF ALL KINDS :: :: :: :: 


Hydraulic Rams 

By E. VV. ANDERSON, Assoc. M.Inst. O.K., M.I.Mkcii.K. 

1 he following paper icas read before (he Midland Hranch ef l he Institution of 
Media meal hngmeers, and gives the results of a very complete senes of tests on the 
Hydraulic Ram : information which is not ordinarily available in works of reference. 


T 1IU hydraulic ram is a simple, 
ingenious, and useful machine 
for raising valor where 
favourable conditions can 
be found for its installation. 
It is described in many text books of 
engineering, but the information given 
is generally meagre. In this paper 
brief particulars are given concerning 
a long series of tests and experiments, 
made mainly by the author, extend- 
ing over a period of several yeafs. 
For the earlier experiments rams were 
used of the original type made by 
Messrs. Easton & Amos ; but, as a 
result of the experience gained, a 
new design was adopted with \vlflch 
the later experiments were carried 
out, and with the results of which 
the paper mainly deals. • It has been 
called the " Anderson ” ram to dis- 


under considerable pressure ; so that, 
if a small hole is made in the pipe at, 
or near the bottom, it will squirt out 
with great force till the above des- 
cribed reaction takes place. 

The first idea of utilizing the 
principle upon which the action of 



this machine is based occurred to one 
Whitehurst, a clock maker of Derby, 
in the year 1772 ; and he is said to 
have made and fixed an apparatus to 
supply water to a brewery in Oulton, 
Cheshire. A description of the White- 
hurst apparatus, which was not 
automatic, will be found in Morin's 
“ Machines ct Apparcils destines a 
I' Elevation des Kaux," published in 
Paris in 1803. Twenty six years later 
in 171)8 the , celebrated French 
Engineer, Montgolfier, by the sub- 
stitution of an automatic valve for the 
hand cock required with the White- 
hurst device, converted the latter into 
a practical machine, which was in- 
troduced to England by James Easton, 
the founder of the firm of Easton & 
Amos, which subsequently became 
Easton & Anderson. 


tinguish it from the older pattern. 

The principle of the hydraulic ram 
was explained by the author's father 
(the late Sir William Anderson, 
K.C.B., D.C.L., F.R.S., a Past- 
Fresident of this Institution), in b*s 
“ Chatham " lectures on Hydraulic 
Machinery as follows When a 
current of water is flowing down a 
pipe so as to fill it completely, and its# 
course is suddenly arrested, the 
energy stored in the water expends 
itself partly in stretching the material 
of the pipe, partly#in compressing the 
water, and partly in compressing the 
air contained in the water. All three 
substances are* higlily elastic and 
consequently, when strained suddenly, 
recoil and tend to cause the water to 
rebound just like one elastic solid 
rebound%from impact with another." 
The water is* thus for a shor t time 



External View of 
And#raon Ram. 


Kaston, Courtney 
ny Drrbyihire 


There are two ways (which may be 
termed A and B) of calculating the 
efficiency of a ram : 

(A) Suppose H to be the height 
from which the water falls to 
the ram, and IP the height 
above the supply water level 
of the point to which it is 
delivered plus any allowance 
for friction, then the height 
of the delivery point above the 
ram will be II -\ IP. Similarly 
if #12 be the quantity of water 
which flows away from the 
outer valve, and Q 1 the quan- 
tity delivered, then the quan- 
tity supplied to the ram will 
be'Q -f Q 1 . In the experiments 
the efficiency was calculated 
by this formula. 

Efficiency Q 1 (H ) Hj) 100 
percent. (Q + Q'j H 
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TAJVUv I. 

I* " ANDKRSON " RAM, ABOUT 13' VAIL, ITFK 72' WSC., WORKING 
AT ROW RATIOS OF RIfT To PARR 


Stroke of 

Water 

Ratio of 

No of 



Outer 

Valve. 

delivered, 
galln. per min. 

Rift to 
Fall. 

Heats J 

per min. 

Kllirit'ti. y. 

Remarks. 

T 

14.40 

2 OK 

'•> 

07 5% . 

Spring on Outer 
Valve. 

r 

10.4(1 

2.K0 

5K 

00.5"; 

Ditto. 

r 

k:)7 

3 HO 

00 

70.8% 

Ditto. 

r 

0 20 

5.50 

00 

77.7% 

No Spring on 
Valve. 

r 

13.43 

2.KK 

50 

84.0% 

Spring on Outer 
Valve. 

r 

O KI) • 

3.71) 

02 

K0.0% 

Ditto. 

r 

7.00 

4.74 

02 

h5.<*% 

Ditto. 

r 

0.31 j 

5.70 | 

01 

S3. 5% 

No Spring on 
Valve. ' 

~r 

12 ha 

1.S7 

02 I 

| 

... 

75.0% 

Spring on Outer 
Valve. 

! : 

K 37 

2. si) 

70 

78.4% 

Ditto. 

or* 2 

3 75 

HI 

77.1% 

Ditto. 

if 

4.05 

5.57 

1 

j HH 

j 

82.1% 

No Spring on 
j Valve. ‘ 


tahrf n. 

COMIWKATIVF. FFFICI FNC IRS OP RAMS WITH IRYRR AND 
MUSHROOM JNNFR VARVlvS. 


Stroke of 
Outer Valve. 

■ 

Ratio ot Rift 
to fall. 

Hall Valve 
Weight 13 nz. 

Mushroom Val 
Stroke. 

Weight II o/ \\ 

ve, y 

eight 11 o/. 

r 

4 

7o.it"; 

73. It' 1 ., 

75.3%, 

i" 

! 5 

mi,?; 

ds.0%, 

08.0%, • 

r 

8 

02.7%, 

02.8%, 

00.4%, 

r 

4 

05.5",, 

oo.s%, 

710"' • 

r 

IS 

00 . 0 %, 

00.0% 

07.4% 

r 

K 

01.1% 

1)3.1)",, 

01.0% 

r 

10 

53 0% 

5 «).!)",, 

58.4% 


TAHRK VR 

KFFlCIlvNClKS OF IJ' “ OWFNS ** RAM WITH \ A R VING RRNGTHS 
OF FARR I'llMC AND RATIOS op RIFT To FARR. 

Fall 1 1 feet in all, but L in 2H when it was 0 ft. 0 in. Stroke of Outer Valve |". 



1 N D 1 A 


The quantity Q -f Q 1 is, of course, 
obtained when the supply entering 
the fall pipe is measured. 

(B) This method employs the 
formula : — 

Efficiency O’ xji£ x jqq 

percent. Q x H 

Here the quantity Q is given at 
once if the water flowing from the 
valve is measured, and not the total 
supply, but it can, of course, be 
obtained from <he total supply by 
deducting the quantity delivered. An 
example # may be given of the two 
methods \Vhich shows that the results 
differ somewhat. A 4 in. “ Anderson" 
ram used a total of 39.51 gallons per 
minute, and delivered 1,323 gallons 
per minute to a height of 258 font, the 
fall being 13 feet. 

Efficiency per cent, by A— 06.4 and 
by B -05.2. When the efficiency is 
calculated by method A, the ratio of 
height to which water is delivered plus 
friction (which will in future be 
called “ lift ”) to the fall is : 

H J H\ 

H 

and by method : 


therefore the latter figure is always 
one less than the former. Thus in 
comparing the efficiencies by the two 
methods, the ratio R of method A 
• should be compared with the ratio 
R “1 of method B. 

The main components of a hydraulic 
ram are : — 

The outer or automatic valve. 

The* inner or delivery valve. 

The air-vessel. 

1 The snift or air- valve. 

The main casting or body. 

The fall pipe. 

The Outer Valve - Experiments 
were made, keeping other conditions 
as constant as possible, with a fall 
l^ipe 73 feet long, and height of fall 
2# feet, against delivery heads, having 
the ratios of 4, fi, 8, and 10 times the 
fall. Though there were discrepancies, 
the general results justified the follow- 
ing conclusions 

(1) The lighter the valve the higher 
the efficiency, especially with 
the longer strokes of the valve, 
namely: fin., fin., fin., and 
1 in. 

(2) The lighter the valve the less 
water is delivered. Exceptions 
tb this were found with thd 
longer strokes of the valve 
against ratios of heads of 8 and 
10 to 1. 


1W 
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INDIA 


tabus III. 

4 ' ' ANDERSON RAM, ABOUT 13' FALL, PIPE 72' TONG. EFFICIENCIES 
WITH INCREASING RATIOS OF LIFT TO FALL AND GRADUATED • 
STROKE OF INNER VALVE. 




'tytal 






Stroke 

Stroke 

water 

Water 

Ratio 

Number 



of 

of 

used. 

delivered. 


of 


Average 
Efli* 
eietiey . 

Outer 

Valve. 

Inner 

Valve. 

Gallons 

per 

Gallons 

per 

Lift 

to 

Beats 

per 

minute. 

Kffi- 

cieucy 




minute. 

minute. 

Fall. 


r 

0.50' 

44.72 

9.57 

3 89 

' 

04 

83 2" 


84.1% 

r 

0.50' 

44 Of 

9.57 

4 00 

(54 

85 1% 


r 

0.30' 

43.80 

0.20 

0.00 

(5(5 

84.7% 'i 


S4 0" 

r 

0.30' 

45.45 

0.38 

5.94 

07 

S3 *"” 



r 

0.25' 

43.13 

•f 50 

7.08 

08 

S3 2% \ 


8(5.0";, 

r 

0.25' 

40.(54 

4 44 

8.12 

(50 

*8.7% j 


• r 

0.15' 

40 53 

3.38 

9.93 

00 

82.7% 1 


82.(5% 

r 

0.15' 

40.20 

331 | 

10.04 1 

OS 

82.(1",, 



r 

0.10' 

3(5 35 

2.40 

11.88 S 

(55 

80.4% 1 


79.0% 

r . 

0 10' 

3(5.30 

2 34 ! 

1 2.05 

05 

77.0% 


r 

0.10' 

35.00 

1.82 ; 

14 03 

(5(5 

71.0% 1 

! 

70.0% 

r 

0.10' 

3(5.30 

1.82 ! 

1 1.02 

00 

70.3% I 

r 

r 

0.075' 

41.33 

1.73 

1(5.10 

70 

07.4% 1 


00.8% 

r 

0.075' 

41.20 

1.00 

115 13 i 

7 1 

(50 2% ! 

> j 


r 

(>.05' 

42.73 

1.50 

18.07 

72 

07.5% \ 


07.0":, 

r i 

0.05" 

42.50 

1.50 

IH.10 

72 

00.5% j 

> 

r 

0.05" 

30.70 

1.309 

10 90 1 

(50 

05.0";, 1 


oo.o":, 


0.05' 

30.51 

1.323 

1 

1084 

70 

0(5.*% j 




Note— -In the first three experiments the outer v live was fitted with a spring, to assist 
opening it at the low ratios of lift to fall. 

M 

l* rain : 20 feet fall, 304 feet lift, 18.2 to 1 ratio. Efliciency 71.4 per cent, and with shorter 
stroke of outer valve 07.7 per rent. 

V ram : 12.4 feet fall, 142 feet lift, 11.5 to 1 ratio. Efficiency from 72 to 81 per cent., with 
different strokes of outer valve. 

1$' ram ; 11 feet fall, 70 feet lift, 0.3 to 1 ratio. Efficiency 70.4 per cent 
2* ram 5.5 feet fall. 

100 feet lift, ratio 18 to I. Hffieicticv 53 per cent. 

140 ,, „ 25 to 1 . ’ 50.0 

180 „ ,, 33 to 1. „ 48.7 

230 ,, ., 41 to 1 . ,, 53 0 

320 „ „ 58 to I . „ .23.4 


be insufficient remaining to bring 
about the automatic action of thp 
valve, and therefore the ram will 
cease working. This is also demon- 
strated by the fact that when starting 
a ram to work with the delivery pipe 
empty so that there is but little 
resistance to the How of water iyto 
the air vessel, it is necessary to 
operate the outer valve by hand 
several times, until the air-vessel 
and pipe are charged sufficiently’ to 
give the required resistance to enable 
the valve to work automatically. It 
is, however, possible to make a rnra 
w'ork at a lower ratio of lift to fall, 
even down to below 2 to 1, by the 
device of putting a spring on the 
outer valve tending to open it. 
Table I. gives the figures obtained 
from tests on a 4 in. Anderson ram. 
The reason the efficiency of the 
middle series is so much better than 
the others, is that the area through 
the inner valve was greater. This 
will be dealt w'ith later on when con- 
sidering the inner valve. In the hist 
set the outer valve had a shorter 
stroke, and this explains the better 
efficiency compared to the first set, 
as the area of the inner valve was the 
same in both. 

The result of many experiments 
upon the effect of varying the stroke 
of the outer valve within reasonable 
limits, has been to formulate the 
general rule that increasing the stroke 
increases the quantity of water 
delivered, but^reduces the efficiency, 


EFFICIENCIES OF 4' "ANDERSON ’ 


• TABLE IV. 

RAM COMPARED WITH THOSE C 
FORMULA?. 


IV EN BY VARIOUS TABLES AND 


Ratio of lift to fall 

• 

4 

. 1 ! 

o i s ! 

l. , 

10 

12 

14 

10 

18 

20 


Anderson 4" Ram ... 

SI 1 

84.0 j 80.0 i 

82.0 

70.0 

70.0 

(50.8 

07.0 

0(5.0 

No ratio at which efliciency is 



*1 







zero has yet been reached. 

Table given in 1877 by C. L. Hett 


70 j 08 ; 

50 

40 

41 

34 

27 

20 

Efficiency falls to zero at 27 to 1. 

Table in " Motesworth’s Pocket") 
Book," 1018 f 


72 ! (52 ! 

50 

43 

35 

28 

20 

15 

Efficiency falls to zero at 20 to 1 . 

Some Efficiencies from " Kcmpc’s \ 

85 

75 j 07 i 

_ 





IS 

Figures in brackets are the actual 

Year Book " f 

From " Mark’s Handbook," Ameri- 

(:t.V 

(0.38) ! (7.(55) | 

i 


(12) 




no o) 

1 

ratios. 

can 

72 

01 ! 52 : 


37 

| 

25 

-- 

14 

Efliciency falls to zero at 20 to 1. 

Formula — " Molesworth's Pocket') i 


i j 







Book," 1918. 5* 

77 

(57 | 50 ■ 

52 

40 ! 

40 

35 

30 

25 

Efficiency falls to zero about 31 

Efficiency— 1.12 — 0.2\/lI -f-h J 
Daubisson’s Fonnula from ]• 


• ! i 







to 1 . 

, " Molesworth.” , V 

04 

80 | 08 j 

58 

*0 

! 41 

34 

27 

20 

Efficiency falls to zero about 20 

Efficiency - 1 .42— 0.28 v Tl ;-h j 

; 

i i 


j 

1 

I 

| 



to 1. 

* 


(3) The lighter the valve the higher 
is the number of beats per 
minute. There were some ex- 
ceptions to this with the shorter 
strokes of J in. and J in. 

It was ^>und, as might be expected, 
that there is a minimum ratio of lift 


to fall at which an ordinary ram will 
not work, and it Is usually somewhere 
about 4 to 1 . 

It is easy to understand that, if the 
energy can dissipate itself freely by 
driving water into the air-vessel 
against a small resistance, there may 


and vice versa, as shown in the first 
and third sections of Table I, though 
there liave been, as usual, exceptions 
to this. The rule adopted for fixing 
the best normal stroke off the valve 
for practical purposes, was to make 
it that in which, the area through the 
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TAHMC V. 

SlfOWINC. Til!' WORKINC OF " ANDJvRSON " RAMS. 0AL1/>NS DFUVFRKD PKR MINUTK. 






i 1 

14 

2 ! 21 

4 I 44 ! 

4 41 

A 

■n 

0 

«» 

7 

% 




f f ration* used 

.von 

7 AO 

10 00 ! 12 A0 

IA .00 17. AO i 

20 00 22. A0 

2 A 00 

27. A0 

40.(||l 

32.50 

45.00 

80 



4 

1 Si/c 

of Ram 

If 

4 

•> «> 

2 : 4 | 

4 4 

4 

4 

4 

4 

4 



. 

f Do. 

do 

:f 2o o 41 

0 01 

12 M2 10 02 

10 24 , 22 44 ! 

23.114 2H.84 

42. 0A 

35.25 

38.40 

41. (hi 

44.87 





\Do. 

do. 

if if 

2 

2 4 

:t 

4 4 

4 

4 

4 

4 

4 

78 




/ Do. 

do. 

4 ; S 

12 

10 ! 2o 

24 ! 2S J 

42 40 

40 

44 







<> 

1 Do 

do 

II 11 

2 

2 :t 

4 ! 4 

1 4 

4 

4 

‘ 



75 




/Do 

do 

4 72 i 9.40 

Ills 

IS 112 24 04 

2S.4S ! 44.10 

47 S4 42 AO 









7 

1 Do 

do. 

a 

2 

:i , :i 

4 4 

I 4 



■ 



74 

•6 



/Do. 

do. 

a A l Mil 

10.0 A 

22 22 27.70 

44 44 ! 48.87 ; 










S 

1 Do. 

do. 

11 

4 

4 : 4 

1 4 







72 

2 



/ Do. 

do 

0 41 12.07 

1 0.0 1 

2 A 44 41 OS 

4H.nl 1 


. 






a) 

73 

U 

1 Do. 

do. 

11 2 

4 

4 4 

4 ! : 

1 






71 

jU 



/Do. 

do. 

7 21 14 AO 

217 4 

211.00 j 40 24 

14 a ; nmi 

This Table is 

made upon the assumption that 


& 

£ 

10 

1 Do 

do. 

IJ 2 

4 

t 1 4 

i 

the actual height of full docs not 

alTect 

the 

09 

H 



fit O. 

do. 

s 20 10 12 

24 02 

42 .84 1104 


output of the 

Ram, or the eflieicney, only the 


ja 


N 

\ Do 

do 

14 4 

4 

4 I 


proportion that it hears to the height of lift, 

67 

3 

0 


/ Do, 

do 

0 22 IS 40 

27. OS 

40 92 


plus the friction of 

the delivery pipe. 



* 

13 

12 

\ Do 

do 

2 .4 

\ 

4 







* 

05 

a 

V 


/ Do 

do 

In 42 20 04 

40 OA 

II 20 


The length of the fall 

pipe may, under 


§. 

s 

14 

1 Do 

do 

2 4 

4 

4 


ordinary circumstances, ht 

made 

equal 

to 

03 


r 


/Do, 

do. 

1IIM 24.00 

44 4 s 1 



from 0 to 10 times the height of 

fall. 



o 

£ 

14 

1 Do. 

d< >. 

; 2 4 

4 



j 





- 

01 

V 

a 



/ Do 

« 1« ». 

12 70 2 A in 

47 II 


! 






... 


o 


i 

\ Do. 

do. 

2 4 

4 









59 

C 

£3 


1 

/Do. 

do. 1 

14 so ; 27.00 









■ 
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10 1 

1 Do 

do 

2 l 










58 



1 

/ Do. 

do 

IA 2o to 4i' 








.. _ 

- 




17 1 

1 Do 

do 

2 f 










50 




f Do 

di i 

10 00 44 40 













IS 

i Do 

do. 

4 4 



i 







54 




/Do 

do. 

IS 20 :t«; A0 













III 

1 Do 

do. 

4 4 



| | 







52 




[D<> 

do 

20 



| 1 
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20 

, i Do 

1 

do. 



; i 
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50 



TAIII.I* VII 

RAM r<»R KAISINO U.I'AN W VI'HR HY FSINV, DIRTY WATFR 2 " 

r\u I’iit: :h> i.ono, 14 ir fait, , 


Stroke 


* 

Number 

Water 
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• 

• 

of 

Depth 
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of Heats 

used 

raised 

Klliciemy 

i Inter 

of 

1 Aft t*. 

per 

gallons 

gallons 

Per cent. 

Valve 

S’lcl i* ui . 

Fall. 

minute. 

per minute. 

| per minute 


k 

721" 

4 

140 

».s» 

1.10 

47.0 

r 
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142 
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1 094 

AO.O 

r 

07 r 

0 

140 
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i 0.90 
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7 i 

1 48 i 

9.52 

| 0.04 

■10.0 

V 

09" 

1 8 

1 42 

8.82 

1 0.02 

AO.O 

s* 

osr 

9 

1 44 

9.24 

0.46 

44.0 

V 

i»7 r 

in 

140 

8.70 

: o.4 1 

47.0 

r 

1 04" 

1 1 i 

j 

7. so 

; 0.27 I 

48.0 

r 

04" 

12 

; 120 

7.90 

; 0 23 

4A.0 


04" 

14 

1 124 

7.14 

j 0 2() i 

40.0 

r 

j 00" j 

! i 

9.14 

90 

14.00 

i 0 SO 

1 ! 

AO.O 


outer v;ilve was equal to the area of 
the fall pipe. Then, by lengthening 
the stroke within reasonable limits, a 
larger delivery of water could be 
obtained, but with the sacrifice of 
efficiency’, which in many cases would 
not matter, and by shortening it the 
delivery’ would be reduced, but the 
efficiency improved. If, therefore, 
a ram was required to give the largest 
possible delivery witl^a limited supply 


of water, it would be an advantage to 
put in a large ram and give it a short 
"stroke ; or if there was abundance of 
water, a small one with a long stroke 
might answer th^purpose and would 
be cheaper. 

The Inner Valve . — The results of 
tests to determine the relative 
efficiencies of ball and mushroom inner 
valves are given in Table II. It will 
be seen that, with one exception, the 


mushroom-valve gave the better re- 
sult, and the weight of it did not 
seem to be of great importance. The 
lighter valve appeared to suit the 
lowest ratio best, and the heavier the 
higher ones. With regard to the 
stroke *and area of the inner valve, it 
has been fmuid good practice to allow 
dhe square inch of area through the 
valve for every gallon of water to be 
delivered per minute. Table III. gives 
the results of tests with a graduated 
stroke of inner valve, maintaining 
the aforesaid rule as to area. 

The Air Vessel . — In practice, a ram 
will not work without an air vessel. 
It is easy to appreciate that the water 
in a long delivery pipe cannot be 
stopped and started say at from 20 
to 200 times a minute, and that it 
must be kept flowing steadily at a 
uniform rate ; a condition which 
* depends entirely upon the satisfactory 
functioning of the air-vessel. 

A most important point is, of 
course, to keep it properly charged 
with air. Certain waters in passing 
through the ram are found to give 
off air in sufficient quantify to keep 
the vessel charged. Where, however, 
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water has to be used which does tint 
possess such a property, some method 
of supplying air must be* adopted, 
such as the “ Snift valve.” An 
interesting attempt was made at the 
suggestion of Dr. Anderson (as he 
then was), to use cork instead of air 
for the elasitc medium, and so get 
rid of the difficulty of keeping the 
air vessel charged. The experiments 
gave promising results at first, but it 
was found that by degrees the cork 
became water-logged , that is to say the 
cells became gradu- 
ally permeated by and r £ ;t ™_ 
at last filled up with J l 
water, so that it ceased ' 
to act as required and ..tflHHi 

the ^id^a had to be j 

The function ot this ' ! 

valve is to keep the • i 

air -vessel supplied I 

wiili air. It is a sniau 1 

valve opening inwards 

ram usually just be- 
low the inner valve. fMMHH 

When the reaction 
takes place and a slight 1 ¥ ' r / 
vacuum is' momentar- r’y" ~ J 
ily formed in the body, 

a whiff of air is drawn Latest Improved Pattern, 
in through the snift- % 

valve, and finds its way at the next 
beat of the ram into the ail -vessel, 
the snift-valvc, of course, closing 
again under the pressure. 

The Body . — The great object to Be 
attained is rapid closing of the valve, 
and anything which tends to retard 
this will cause loss of efficiency. In a 
badly shaped body there may easily 
be eddies in the water which will have 
such an effect. The author’s experi- 
ments have shown that the area of 
the annulus between the edge of the 
valve and the body should be made 
rather less than that through the 1 
valve itself, so that the water shoukf 
have a higher speed locally, and thus 
tend to close the valve rapidly. 

Table IV/gives the efficiencicsobtained 


ratios of 20 to 1 were used i s the 
basis. Calculations were then made 
of the amount of water used for 
progressive deliveries from J gallon 
to 7 gallons per minute at each ratio 
from 4 to 20 to l, and the size of ram 
suitable in every instance was selected. 
A glance at this gives all the infojftia- 
tion usually required to meet any 
paiticular case. 

The Tall Pipe. A lengthy series of 
experiments was made to ascertain 


j::X 

IE 11 . 


a 


miT 


t~c 


a! 

r ^i . . i-< 


the top line of Table IV ., the efficiency 
# in the third line is OS per cent., which 
in llett’s Table is that for a ratio of 
7 t<*> 1 . 

Jlis efficiency for 8 to l is 03 per 
cent.* so that the higher figure has 
been used for comparison which is on 
the safe side. The experiments with 
the Anderson ram were not continued 
beyond a ratio of 20 to l, because the 
fall being about 13 feet, the delivery 
heifd would be about 200 feet, and 
it was not thought, wise to go higher ; 
but with a lower f ill, 4.75 feet, a 
4 in. ram in actual use was tested 
with a throttled cock and pressure 
gauge up to a ratio of 40.3 to 1 , when 
the efficiency was 44.3 per cent. 

Particulars have also been kindly 


from various published Tables and for- • supplied by Mr. J. R. haston, a 
m iilae which may be taken fairly to grandson of the original introducer of 


represent general practice?, set out in 
parallel lines with those of the 4in. > 
Anderson ram. • 

Some of the Tables and formulae 
do not make i$ clear upon which 
method of calculating the efficiency 
they are based. In such it has been 
assumed that the B method has been 
used, and the comparison has been 
made by ftsing the ratio" R — 1. *For 
example, taking the ratio 8 as given in 


/«</<>«, < i.urhuev l)(ktb\ihitt, 

the best proportion of the length of 
the fall pipe to the height of fall 
available. Table VI. gives the 
efficiencies obtained. The inferences 
to be drawn from this Table are, that 
the longer the pipe in relation to the 
fall, the better for both efficiency and 
capability of functioning of the ram 
under all ratios of lift to fall up to 
24 to 1, and that the shorter the pipe, 
the smaller the ratio above 4 to 1 , at 
which it will work. Varying the 
stroke of the outer vr.lvc somewhat 
altered these conclusions. In general, 
it may be said that the best results 
are obtainable with fall pipes having a 
length of from six to ten times the fall. 

Dirty Water Bam. In this 
type, water from one source of 
supply may be pumped by using 
water under a small head from 
another source. Its name arises from 


the Mont golfer Hydraulic Ram into ano ther source. Its name arises from 
this country, of some tests made upon.. t j lc f act that its usual duty is to pump 
Anderson jams in actual work as dear water from a well or spring, by 
shown in Table V. means of dirty or contaminated 

These figures indicate that, so far, water from some other source, such 
the point of zero efficiency has not as a river. Table VII. gives the results 
been reached with the Anderson ram. of tests, which are a good deal lower 
For practical use relating to such than those of the ordinary Anderson 
rams, Table V. has been prepared in mm. It will be observed that the 
which the efficiencies assumed and 
considered safely obtainable up to 


fall pipe was very short compared 
with the fall, ^ 
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The Influence of • Structure on the Combustibility 

and other Properties of Solid Fuel 

» 

(All blocks used in this article are loaned by courtesy of the Society of Chemical Industry). 


At a recent meeting of the Society of Chemical Industry, a paper was read 
>n the above subject by E. R. Sutcliffe, Wb. Ex . , A. XI. 1. M E., and Edgaf C. 
hvans, li.Sc., E EC., M.I.M.E., from which we have taken the following 
'xtracts. I Ins extremely interesting and instructive paper gives <Jic results 
)f a vast amount of research and experimental work , and reveals the 
mportance of taking into account the physical structure of solid fuel , 
a feature of the fuel problem on which we have little knowledge ** 


T HK constitution of coal has 
been studied by a number 
of observers, and notably 
by Wheeler and bis colla- 
borators, and the essential 
difference between various coals can 
easily be realised by a study of 
photomicrographs of coal sections. 

But whilst these photographs show 
dearly the internal structure of coal, 
whilst they show the heterogeneous 
character of most coals, and explain 
the difference in ignition temperatures 
of various coals, they do not of them- 
selves explain the very considerable 
differences in combustibility. Some 
coals are said to be “ bright ” and 
" active ” in combustion, others again 
of similar content of volatile matter 
are said hv stokers to he " dead ” in 
burning. The reason for this is not 
entirely due to composition or con- 
stitution ; it is a matter in which the 
structure of the carbonaceous residue 
left after the volatile products have 
been burnt off, plays an extremely 
important part. 

In studying on a large scale the 
factors that play a part in determin- 
ing the combustibility of a fuel, the 
first step is to obtain a homogeneous 
product. At the outset it will be 
noticed that homogeneity itself, apart 
from other factors, exerts an im- 
portant influence. 

Homogeneity of size.- -The first 
attempt to obtain a homogeneous fuel 
commercially have been m^de in the 
direction of sizing the coal. Sizing 
non-caking steam coals, anthracite 
coals, and some American high- 
volatile coals (e.g. Illinois coals), has 
proved of considerable advantage for 
steam raising purposes. 

In the case of non-caking bitu- 
minous coals, the following advantages n* Cok< * 

♦ NOTE. J'ks full tutor is published in the jourtul of the Society, Issue No. Vol. 


arc claimed for sizing (Maleolmson, 
1st Annual Convention Int. Railway 
Fuel Assoc., 1909) : (1) Increase of 
fuel and boiler efficiency. (2) Bess 
loss of luel in ash. (II) Bess smoke. 
(4) Uniform combustion ensuring 
greater capacity of furnace. (5) U\ss 
draught needed. (0) I/mger life of 
grate. (7) Furnace under better 
control, steam can be raised more 
rapidly. (8) Bess danger of spon- 
taneous combustion of stored coni. 

Influence of dimensions of fuel 
particles. -Ceteris paribus the smaller 
the particles of coal, t he greater the 
combustibility. This, of course, 
arises from the fact that the surface 
area increases considerably in pro- 
portion to the bulk as the diameter 
decreases. This principle is applied 
in using anthracite for raising steam. 
Anthracite is by no means a fuel of 
high combustibility, and is extremely 
difficult to burn iti an ordinary boiler 
furnace in large sizes. Yet anthracite 
peas carefully sized make an ideal 



boiler fuel, and have better steam- 
raising qualities than even high- 
class Welsh steam coals. 

The ultimate possibilities in this 
direction arc obtained in the case of 
powdered fuel. The extremely high 
degree of combustibility of coal dust 
in a fine state of subdivision has long 
been realised in connexion with the 
study of mine explosions, and the 
same principles which make coal 
dust such an explosive agent, are 
now made use of commercially in 
many applications of powdered fuel. 

Powdered fuel, however, is by no 
ftieans an ideal material. It cannot 
be stored, it cannot be transported 
per sc, and is liable to spontaneous 
combustion. For this reason attempts 
f^ve been made, as in the colloidal 
fuel process, to make it transportable 
in the 4 or m of an emulsion of oil and 
coal. Therp is, however, a method of 
retaining to some extent the highly 
combustible extremely active pro- 
peities of powdered fuel, and at the 
same time make it easily transport- 
able, and that is to briquette it. 

The advantages of fine grinding 
prior to briquetting have long been 
| known to the briquetting industry, 
it increases the combustibility of the 
briquettes, and improves their 
appearance, but on the other hand 
finely ground coals require a greater 
percentage of binder than coarsely 
ground material, and as a rule, if 
made by the ordinary process with 
pitch as a binder^ the briquettes are 
rather weaker. In practice, therefore, 
a compromise is effected, and the coal 
is only ground to .the extent that 
would be effected by an ordinary 
Carr’s # disintegrator. ^ Even so, 
briquettes made with pitch possess 
many advantages over coal^, and these 

xli. No 12, pp MT to 208T. 
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Fltf. 2. Low Temperature Coke, No. 2 Khondda 
Coal mixed with a proportion of Coke (freeze 


have been surmised as follows (vide 
Malcolmson, " Commercial aspects of 
the Coal Briquetting Industry," Trans. 
8th Int. Cong. Appl. Chem., Vol. 2”>) . 
(1) Briquettes can be readily trans- 
ported and handled and stored for an 
indefinite period without deteriora- 
tion. (2) Briquettes when burnt in 
locomotives under standard condi- 
tions show an increased boiler 
efficiency over coal of the same 
calorific value amounting to 15 per 
cent, in favour of the briquettes. 
(3) It has been demonstrated th;i4 


25 per cent, more briquettes 
than coal can be burnt per sq. 
ft. of grate area per hour. 

In other words, briquittcs 
arc more combustible than 
raw coal, a result entirely due 
to the difference in struc- 
ture between briquettes and 
coal. • 

The fact that the briquettes 
are more combustible than the 
raw coal is brought out by 
a series of comparative boiler 
trials made at the South 
Wales School of Mines on raw 
coal, briquetttes made from 
the same coal with pitch as a 
binder, and briquettes from 
the same coal made without a 
binder. In a series of pre- 
liminary laboratory tests it 
was noticed that briquettes 
made without a binder when burnt 
in a bomb calorimeter burnt with 
a rapidity far greater than that of 
either raw coal, or of briquettes 
made with pitch, the period of com- 
bustion being very often 30 per cent, 
less than that of coal. This increased 
combustibility is shown with still 
greater clearness in the series of tests 
carried out at the South’ Wales 
School of Mines. 

These tests are imperfect in several 
respects ; the boiler efficiency was 
low (as would naturally be expected 
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3. Low Temperature Coke, No. 2 Rhondda 
mixed with n proportion of Preheated Coal 


in the case of a hand-fired experi- 
mental boiler installation), and in 
many respects they failed to bring 
out to the best advantage the super- 
iority of the briquetted fuels. Still 
the following points may be 
noticed:- - 

(1) The heat transmitted per square 
foot of heating suiface per hour 
was 4,070, 4,030, and 4,050 
B . Th . I J . respect i vel y . 

(2) The weights of dried fuel burnt 
per square foot of grate area 
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intern; Uy heated retort. 
Heating t»K>k place so 
slowly that a period of 72 
hours was taken in bring- 
111)4 the charge to its maxi- 
mum temperature of 1,000 
deg. C. The briquettes 
retained their shape, but 
contracted during the pro- 
cess until the coke had a 
sp. gr. of 1.2, its structure 
consisting of a large number 
of minute cells with thin 
walls. The combustibility 
of this fuel was of the same 


Fltf. ft. .South MtrtropollUn Smoke U*ts Fuel 

per hour were 13 7K, 15 05,< 
and Hi 4 11). respectively. 

(3) The equivalent evaporations per 
lb. of carbon value from and at 
212 deg. F. were 7 31, 7 31, and 
7 35 lb. respectively. 

(4) A constant draught of (Mi in. 
was maintained in each case, 
and a uniform rate of feeding 
the coal was adopted in each 
case. The briquettes made 
without a hinder, however, 
burnt away so quickly, that 
with the thin fires maintained, 
it was found very difficult to 


order as that of charcoal. 
When ome thoroughly ig- 
nited a lump of this fuel 
could be removed from the lire, and 
if protected from draughts would 
continue to hum for several hours. 
In one test made a piece of a size 
3 in. ,< 2 in. < 1 \ in. made red hot 
and pl;uvd on a fireclay slab away 
from the lire, burnt for over six hours, 
until all that remained w; s a small 
piece 1 in. >; \ in. x .} in. 

Influence, of frcliminarv {realm ■. nt 
of coal. A very prolonged carbonis- 
ing period, is, of course, not easy to 
reconcile with economic requirements 
oil a commercial scale, but several 
methods are available which allow of 


keep the grate fully covered at 
the end of the charging period. 
The efficiency was thereloie re- 
duced, and a better result 
could have been obtained either 
by reducing the draught or by 
working the boiler at a higher 
capacity. 

The results, however, are sufficient 


the ready escape of the volatile 
matter. It can be done by (I) blend- 
ing coal with coke breeze (Fig. 2). (2) 
blending caking with non-caking* 
coals, or (3) preheating a portion of 
the coal to eliminate the resinous 
matter and mixing the resulting 
material in the correct proportions 
with raw coal. 


possible to make definite determina- 
tions of the relative combustibility of 
the various types of fuels that can 
be obtained by these processes. 
Sufficient has been done, however, to 
enable some of the principal factors 
involved to be determined, and these 
can be briefly outlined as follows :- - 

(l) Influence of area of surface . — 
Th*.* area of surface presented to the 
oxidising gases is, of course, an im- 
portant facto* Combustion can only 
be maintained if the area of incandes- 
cent surface exposed to the air is 
sufficient to maintain the temperature 
of a sufficient mass of the fuel above 
the point of ignition. The area of 
surface of blast furnace coke, for 
example, is much greater than that 
of anthracite, and the combustibility 
of the coke is therefore greater. 

Generally speaking, the greater the 
area of the surface of a fuel the 
greater the combustibility. Charcoal 
with its highly developed cell structure 
is a fuel possessing a very considerable 
area of surface per unit of mass, and 
is characterised by a high degree of 
combustibility. 

Area of surface, again, is closely 
connected with degree of porosity 
and with the character and distribu- 
tion of the pores. 

(3) Character of cell structure.— (a) 
Continuity of cell structure. The 
character of the cell structure of 
carbonised fuels was investigated by 
Thorner. He determined the com- 
bustibility of various blast-furnace 
fuels, together with their porosity, 
and investigated the character ot 


to show that the combustibility of 
briquetted fuel increased with the 
degree of fineness of the coal, and with 
^thc homogeneity of the product. 

l> actors influencing the combustibi- 
lity of carbonised fuels. A very brief 
study of carbonised fuels is sufficient 
to show that the factors which deter- 
mine their combustibility are more 
numerous and complex in character 
than is generally realised. The 
character of the fuel caibonised, 
temperature of carbonisation, the 
rate of carbonisation, and even the 
pressure under which tke heat is 
effected, all play a part in determining 
the character and the combustibility 


In order primarily to meet the 
economic requirements in large-scale 
production of smokeless fuel, the 
authors have developed a method of 
preliminary briquetting of coal with- 
out a binder, and subsequent car- 
bonisation of tht* briquettes. In the 
case of most British coals swelling of 
the briquettes during carbonisation 
can be prevented by the addition of 
20 to 30 per cent, of previously 
carbonised material to the coal, but 
in the case of a few coats containing* 
a high proportion of resinous material 
it has sometimes been found necessary 
to adopt one or other of the alterna- 
tive methods steady mentioned. 


their cell ^structure by the micros- 
copical examination of sections of the 
fuels. He found that the fuels which 
gave the best results in a blast 
furnace, viz. charcoal and Meiler 
coke, were characterised by a high 
degree of combustibility, and con- 
sisted, further, of cells more or less 
regularly arranged, which were joined 
to one another longitudinally. 
Furnace coke, on the other hand, 
consisted of separate unconnected 
cells, or groups of cells, the cells of 
which* were composed of a dense 
and vitreous mass which did not 
allow of the passage of gas through 


of the resulting carbonised fuel. 

The following experiment illustrates 
in an interesting manner the effect 
of a prolonged carbonising period. 
A finely ground coking coal was 
briquetted without a binder, and 
the briquettes passed through an 


Influence of structure . — A study of 
these carbonised briquettes throws 
a considerable light on the influence 
of structure on the combustibility of 
carbonised fuels. Research on this 
matter is still proceeding, and up to 
the present time it has not been found 


Effect of size of cells. — The dimen- 
sions of tlie cells play a considerable 
part in the combustibility of a fuel. 
Practically speaking, the porosity of a 
solid can be regarded from two 
aspects, viz. : (1) Cell space per unit - 
volume, and (2) cell spa£e per unit 
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mass. A coke, for example, may be 
exceedingly volumininous, and may 
contain a large number of cells per 
unit of mass, but owing to # its low 
apparent specific gravity may contain 
only a small number of large cells 
per unit of volume. »A coke of this 
type is obtained by customary pro- 
cesses of low- temperature carbonisa- 
tion ; an extreme example is shown 
in Fig. 1, in which a highly swollen 
coke is obtained with cells of large 
dimensions surrounded fey very thin 
walls. The surface presented by such 
fuel is very considerable, a i*d its 
combustibility might be high, but on 
the other hand it is very fragile, and 
will not withstand severe conditions 
of handling and transport, and, of 
course, would be of no use for blast- 
furnace conditions. 

The most desirable fuel would be a 
fuel as dense as possible, but con- 
taining a very large number of cells 
per unit of mass. Generally speaking, 
a fuel of apparent sp. gr. 1.2 with a 
porosity of 50 per cent, would be more 
serviceable for general purposes than 
a fuel of app. sp. gr. 0.8 with the 
same proportion of cell space. In the 
former case, the cells would be 
exceedingly small, but the surface 
presented to the oxidising gases 
would be so great that the com- 
bustibility would be even greater 
than in the former case. < 

Industrial possibilities of carbonised 
fuel of high combustibility.- A brief 
consideration will show that a fuel 
of this type offers far-reaching po^sibi* 
lities in connection with modern 
industrial work. Apart entirely ’from 
the special applications to which it 
would be peculiarly suited, instances 1 
<3f which will readily occur to students 
of fuel technollogy, it offers very 
considerable advantages over raw' 
coal in all the principal consuming 
markets. 

Boiler Furnace Combustion 

Taking as an example the steam 
boiler furnace, where the combustion 
of raw coal in a boiler furnace is a 
three-stages process and involves 
(1) the distillation of th* volatile 
products, (2) the combustion of the 
volatile products, (,?) the combus- 
tion of the solid carbonaceous residues 
left after the volatile products have 
been expelled. 

The Volatile Products • 

The distillation and combustion of 
the volatile products in a boiler grate 


introduce factors which are seriously 
detrimental to the efficient working of 
a boiler plant. These factors may be 
summarised as follows : ( 1 ) The inter- 

position of distillation gases between 
the incandescent mass of fuel in the 
grate and the boiler cuts off a con- 
siderable proportion of the radiant 
heat transmitted. ( 2 ) These gases, 
and the products resulting from their 
combustion carry a considerable 
quantity of scwiblc heat. To abstract 
this heat ami to impart it to the 
water in the boiler has necessitated a 
considerable complication in boiler 
design in order to increase the 
efficiency to the fullest possible extent- 
(3) To obtain the maximum efficiency 
it is impossible to work the boiler 
beyond a certain limited capacity 
without loss of efficiency and the 
production of black smoke. 



|*|g. 6. Pure Coul Briquette, carhonistd 
South WulfM Steam Coal 
i No addition of Coke) 


Tfie ^complexity of modern high- 
elass boiler installations with their 
mechanical stokers, economisers, super 
heaters, etc., is necessary almost 
solely, because of the difficulties of 
dealing with the distillation products. 
On the other hand, a free burning 
carbonised fuel would offer very 
considerable advantages lor boiler 
furnaces which can be summarised as 
follows : (1) no loss of heat in the 

distillation process, (2) an extremely 
high radiant heat production in the 
furnace, (3) the only gases between 
the incandescent mass and the boiler 
shell w'ould be nitrogen, carbon 
monoxide, carbon dioxide, and some 
oxygen (these are highly trans- 
•parent to radiant energy), (4) the 
specific heat of these gases is lower 
than that of the mixture of distilla- 
tion gasses, products of combustion, 
unburnt carbonaceous matter, etc., 
that exists in a normal boiler grate, 
and the necessity for elaborate 
economiser and superheater plants 
would be considerably reduced. 


There is perhaps one other point 
that may be noted. By careful 
attention to the structure, a free- 
burning fuel can be obtained with such 
a surface area, and such porosityihat 
a very large proportion of the carbon 
monoxide produced will be burnt on 
the incandescent surface, increasing 
very considerably the proportion of 
radiant heat transmitted by direet 
radiation. 

A fuel of this type produced at a 
cost comparable with that of coal 
would offer very considerable possibi- 
lities in boiler practice, and would 
directly result in tfie following im- 
provements, considerably increased 
capacity of existing boiler installation, 
increased efficiency, simplification of 
boiler design, reduction in capital 
cost of boiler plant, reduction in 
labour charges. 


A New British 
Engineering Joint Council 

For very many years past it has 
been reenngised that the formation of 
some federation, or union of the 
engineering societies and institutions 
of Great Britain would be useful, and 
it is interesting, therefore, to record 
that real progress is now being made 
in that direction by the formation of 
an Engineering Joint Council. The 
four most important institutions 
Civil, Mechanical, and Electrical 
Engineers, together with the Naval 
Architects, are concerned in this 
development, and it is explained that 
other societies may in due course be 
represented on the Joint Council. 
The objects of the Council include 
not only the prevention of unnecessary 
duplication of activities, but also the 
improvement of the st atus of engineers, 
the better utilisation of their services 
in the country’s interests and the 
appointment of properly qualified 
persons to responsible engineering 
positions. The idea follows that of a 
similar character, which is more 
fully developed in the United States, 
where the four largest engineeiing 
societies ate associated with a score 
of smaller ones in the United Engineer- 
ing Societies, which has a magnificent 
joint building and a splendidly 
equipped library, together with many 
other useful adjuncts. 
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Some Practical Notes 
on Land Type 


and Observations 
Boilers (iij 


(Continued from page 152) 


Externally Fired Boilers 

T HIS type of boiler is not 
very often now found in 
England, but it is chiefly 
used abroad for burning 
inferior fuel, such as sugar 
bagasse, etc., !is its construction 
allows a large grate area. There are 
various kinds of this type of boiler : 
one type, which is sometimes to l>e 
found in old installations, is the Bone 
boiler. 

The two most usual types of 
externally tired boilers will now Ik- 
described and for convenience may 
be called types Nos. I and 2, No. 2 
sometimes being known as the 
American type. 

Type No. I consists of a cylindrical 
shell with a number of smoke tubes 
in the lower portion of the shell, 
running from end plate to end plate. 
The boiler is set in brickwork so 
that a furnace is formed under the 
shell ; the products of combustion 
are led into a brick combustion 
chamber where they pass through the 
smoke tul>es to the front of the boiler 
into a smoke box, where the gases 
divide and return along brick side- 
lines the length of the boiler to the 
chimney. Brackets arc riveted to 
the side of the shell for the purpose 
of carrying the weight of the boiler 
on the walls of the side flues. 

In type No. 2, the shell is similar 
in construction to that already des- 
cribed, but a smoke box is riveted on 
to the front of the boiler, and there 
are no brick side-flues. The furnace 
and combustion chamber are similar 
to the fust type, but the gases after 
passing through the smoke tubes are 
led into the smoke box and thence 
up the chimney, which is usually of 
steel, mounted direct on to the 
smoke-box. Instead of the brickwork 
taking the weight, four chambers are 
arranged, two on each side, with steel 
girders running above the boiler ; 
and steel stay rods drop from these 
girders and are fixed to brackets 
riveted on the side of the boiler. 

Locomotive Boiler 

The locomotive type boiler, usually 
called “ Loco." for short, is, in my 
opinion, one of the most useful 


boilers fnr evaporations up to about 
4,0001b. of water per hour, where 
space and first cost are of conse- 
quence. I<oco boilers are made up to 
evaporations of 8,000 lb. of water 
per hour, but these larger sizes are 
not often used. 

The Loco type of boiler, as its name 
implies, is similar to the type of Ixjiler 
use»d on locomotive engines : it con- 
sists of a barrel in which smoke tubes 
run the whole length at one end of the 
shell, the fire box is riveted to it 
and at the other end the smoke box is 
riveted, on which a steel chimney is 
mounted ; or, in some eases, the 
smoke box is arranged as a down- 
take in order that gases may be led 
through an underground flue. In 
this last ease the supi>orting pedestal 
is made hollow. 


Special Features 

In spite of its many theoretical 
defects, in my opinion, the Loco 
boiler is one of the most popular 
boilers for small powers and vs 
extensively used in laundries and 
small factories, etc. One of the 
chief theoretical defects to which I 
refer is that the design of the boiler 
is on- mechanical as regards resisting 
internal pressure and it is subject 
in places to very severe stresses ; 
staying is of the utmost importance 
in this type of boiler. 

The Loco boiler's chief advantages 
may be summed up as follows. It is 
easily installed, no foundations and 
no brieksettings are required. It 
contains a large heating surface and 
grate area in a comparatively small 
space. It is a quick steaming boiler 
and can be forced when necessary ; 
steam can be raised from cold in le$£ 
than a quarter the time required by 
the Lancashire type of boiler. The 
dimensions of the grate not being 
limited by the s igc of the barrel, as in 
the case of internally-fired boilers, 
the grate can be constructed of such 
form and such dimensions that any 
kind of fuel can be burnt ; evapora- 
tion for evaporation, the weight of 
this type of boiler is less than others, 
and hence its suitability for export 
work and contractors’ work. 


A defect to be guarded against in 
this type of boiler is that in some 
designs the tire-box is carried too high 
into the boiler barrel, with the object 
of obtaining greater heating surface ; 
although this may seem at first sight 
an advantage, it is really a very bad 
practice, as it brings up the height of 
the water level, which causes priming. 

Cleaning of this type of boiler is 
admittedly difficult and vary hard 
water should not be used, but in 
actual practice it is surprising how 
clean the boiler can be kept with 
careful management and with the 
use of a reliable boiler fluid. 

A modification of the Loco type 
boiler is that sometimes called the 
Colonial type boiler, as manufactured 
by Robey & Co. Limited, of Lincoln ; 
this consists of a barrel like the Loco 
boiler, but has a circular fire box 
usually of a larger diameter than the 
barrel. It is fitted with an internal 
flue, and the flue and the tube plates 
are so' designed that these can be 
withdrawn for cleaning purposes. 
This type of boiler is usually used with 
the overtype Locomobile engine. 

Galloway Boilers 

The Galloway Patent Boiler is a 
modification of the Lancashire type, 
but varies considerably in detail. 
This boiler has two short cylindrical 
furnaces which lead into a larger 
and oval-shaped combustion cham- 
ber, which has from 20 to 35 cross 
water-tubes, and also from four to 
six water-pockets at the side of this 
combustion chamber. The setting of 
a Galloway boiler is similar to that 
of the Lancashire type, except that 
the gases first pass along the side- 
flues and then return to the chimney 
by the underneath flue. The reason 
for this reversal of the path of the 
gases is t the fact that a very large 
down take would be required to 
conduct the gases to the underneath 
flue, because of the great width of 
the combustion chamber. 

Some very good* evaporations have 
been obtained with this type of boiler, 
but, unless properly looked after, 
trouble is bound to occur with the 
cross tubes, for these have a tendency 
quickly to become covered with scale 







from the water, the remaining body This arrangement of the down-comer 
of water returning through the vertical pipe and mild drum appeals very 
tubes and headers at the hack end much to the author, and he considers 


dependent on the brickwork for its 
support, but it is suspended from 
girders supported on columns, the 
lower drum hanging by means of the 
tubes from the top drum. The tubes 
in the John Thompson troiler, being 
absolutely straight, give many advan- 
tages over similar types of boilers 
built on the same principle, but 
having bent tubes. 

The Kestner boiler is the invention 
of M Paul Kestner, the eminent 
French scientist, and is manufactured 
in Kngland, by Ransomes, Sims & 
Jefferies of Ipswich. 

The boiler consists of an upper 
and lower drum, the two drums 
being connected by a double row of 
tubes, which are vertical and quite 
straight, and, when looking on plan, 
are so arranged along the length of 
the drum that they form a continued 
W. 


into t lie* inclined water tubes, where 
it is again brought into contact with 
the hot gases and again passes into 
the steam and water-drum. A mud 
collector is lived at the lowest part 
of the inclined water tube in order 
to collect matter held in suspension. 

The whole boiler is set in brickwork 
lined with lire brick, the furnace 
being at. the front end below the 
water-tubes, and bailies are so 
arranged that the hot gases go up- 
wards, then downwards, then upwards 
again, and then finally pass to the 
chimney. The hot gases strike the 
tubes at rigid angles, thus being 
thoroughly broken up. 

The entire boiler, with the excep- 
tion of the furnace, is susixmded by 
wrought-irou slings from iron girders 
resting on wrought iron columns, thus 
allowing the boiler to contract or 
expand without damaging the brick- 
work. 

The Spearing boiler is of the in- 
clined tulie type water-tube boiler. 
This boiler is made in two types, the 
longitudinal drum type, and the 
cross-drum type. 

The headers at the front end are 
connected to the steam drum by 
tubes in the usual manner, but the 
headers at the back end are not 
directly coupled to the steam drum. 
A large diameter down-coiner pipe 
leads from the back end of the steam 
drum vertically downwards to a mud 
drum, the top of which is connected 
to the lower end of the back headers. 
This arrangement ensures a good free 
circulation, and also tlie impurities 
are trapped in the mud drum, and so 
do not reach the headers or tubes. 


it a very sound principle. 

The watci tubv boiler as manu- 
factured by John Thompson Ltd., 
consists of steam drums and water 
drums connected by groups of tubes, 
which are nearly vertical and per- 
fectly straight. The steam drums 
and water drums are connected to 
each other by circulating tubes. 

The whole boiler is set in brickwork 


The ordinary evaporation tubes are 
either two and three sixteenths ins., 
or two and three eighths ins. in dia- 
meter, but arranged along the longi- 
tudinal centre of the drum are some 
larger tubes of either in. or 4 in. 
in diameter, inside which are smaller 
concentric tubes, termed circulating 
tubes, which ensure a very good 
circulation. This vertical stack of 


and the path taken bv products of 
combustion after they leave the grate 
is such that they go up and down 
twice before going to the chimney, 
thus ensuring the utmost heat being 
imparted to the water ; a very givid 
efficiency is obtainable with this 
type of boiler. This boiler is* not 


tubes is enclosed in brickwork that 
resembles a large vertical flue ; the 
grate is built in front of the boiler 
and the gases strike the bottom of 
the tubes at right angles, and are 
then directed up towards the top 
drvm, by means of baffles, in the 
path of a letter S. making about 



Galloway Patent Boiler 


Callow .-ryi Ltd. 
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seven or eight passes before going to 
the chimney. 

Tlie top drum is supported on n 
steel staging and the bottom hangs 
from it by means of the tidies, thus 
ample provision is made for expansion 
and contraction. 

Some comment may be made «on 
the slipshod way in which many 
boiler installations are run. The 
author maintains that the boiler is 
the heart of the factory and requires 
quite as much, if not more, skill and 
attention than the engine, and al- 
though there is safe to be a lot of 
coal dust, there is no reason why the 
boiler house should not be kept* 
reasonably clean and tidy ; in nine 
eases out of ten where one finds a 
clean and tidy boiler house, so you 
will find 1 hat the boilers have been 
receiving careful attention. 

It pa\s over and over again to pay 
an intelligent stoker a good wage, as 
intelligent stoking will save pounds 
on the fuel bill. It is a very erroneous 
idea that any fool can stoke, because 
it takes a clever man to become a 
good stoker. 

These remarks apply more to 
smaller plants than large |>owe! 
stations and the author is glad to see 
that there is a move in the right 
direction in larger plants. Ill some 
eases firms are employing a chief 
boiler engineer to run the boiler- 
house, with the results that bv careful 
management and instruction he has 
been able able to reduce the running 
cost of the boiler plant by many 
Cochran Boiler • c.xhnw & c t >. ( i,i»i,m) lu . hundreds of pounds per year. 
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MECHANICAL VEHICLES AND ROAD SURFACES 


At the recent Paris Meeting of the * with the power plant separate from facturer and consumer. In order to 

Institution of Mechanical Engineers, the carrying vehicle, while the use of save this waste there must be more 

Eord Montagu of Beaulfeu read a trailers is gradually becoming more co-ojieration between rondmakeis, 

paper on the subject indicated above, common. .This ensutes that the. designers^ road vehicles and road 

He explained how defective road’ weight on any individual wheel is users, to promote economy in the 
surfaces increased the cost of operat- kept within reasonable limits. In upkeep and improvement of roads, 

ing motor vehicle^, and suggested that conclusion, Lord Montagu urged that which at once reflects itself in cheaper 

the time had now arrived when the bad roads meant that a nation as a transport. Otherwise the road and 

increasing weight of modern road whole had eventually to pay more for the vehicle alike will suffer, and in the 

vehicles should be carried otf more the extra cost of its transport, and next few years there will be increasing 

than four wheels. As he pointed out, that this in turn increased the price difficulty in finding money for road 

certain systems already use six wheels, of every kind of article to the manu- construction and repair. 

X 
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The Crossley Convertible Engines for Liquid 
or Gaseous Fuels 


An interesting example <>f an Undine capable of using either Oil or has 


T HIS type <>f engine is based 
on the well known Crosslev 
Cold starting engine, and 
by simple and rapid altera- 
tions it can be converted to 
run on gaseous lifels. The engine will 
also burn motor spirit, including sueh 
fuels as petrol, ben/.ol and aleohol . 
When benzol or alcohol is used the 
engine works on the gas engine 
cycle, the fuel passes through an 
atomiser to the air inlet valve. Under 
the same conditions as those* in use 
for burning benzol or alcohol, that is 
to say, with magneto ignition, the 
engine can run on either town’s gas, 
natural gas, producer gas, coke oven 
gas or blast furnace gas. By chang- 
ing the piston, disconnecting the 
magneto, and connecting up the fuel 
pump and fuel governor, I lie engine 
can be changed over from a gas 
engine within half an hour to an 
hour according to the size into the 
well known cold staiting oil engine, 


when it will bum kerosene, gas oil, 
petroleum residue, such as “ Diesel," 
and “ Furnace ’’ oils, or tar oils and 
other grades of heavy fuel oils. On 
the other hand a conversion from any 
gas to ben/.ol or alcohol is only a 
matter of a few seconds, in fact can 
be cltected without stopping, as it 
only means turning on one fuel and 
turning off the other. 

There appears to a great, future 
for this type of engine, not only for 
use on the oil fields, where natural 
gas may be available for a portion of 
the time, while at other times it may 
be more convenient to employ liquid 
fuel, but also for general industrial 
u.se. Wry many buyers of power 
plant arc in doubt as to whether they 
should buy gas or oil units, (las 
engines employing coal in producers 
aie at the mercy of coal strike, whilst 
the oil engine users are dependent 
upon the oil supply. The use of a 
con vet tible engine gives the engineer 


several strings to his bow. He may 
use town’s gas, or work a gas pro- 
ducer, or after rapid conversion, 
employ either a petroleum base oil, 
or, if accessary, a tar oil. When it is 
considered that a high efficiency is 
obtained on all these fuels it will be 
seen that the user of a convertible 
engine is in a much sounder economic 
position than the user of afiy other 
type of power unit, and in addition 
he is doubly insured against stoppages 
due to strikes, trade disputes, fuel 
rings, fuel shortages, etc. Further, 
the cost of working is much less and 
the continuity of working much more 
assured than where electric current is 
purchased from an outside source. 
It will be seen therefore, that the 
installation of a convertible engine is 
a valuable power insurance policy. 

Some of these engines were tested 
in the presence of a well known fuel 
expert. These engines had cylinders 
of lliu. bore by 20 in. stroke, and 
rail at 230 revolutions per 
minute. This expert states 
that the engines developed 
the maximum load of 44 
brake horse power, and a 
normal load of 40 B.H.P. 
The load of 44 B.H.P. was 
obtained with all fuels men- 
ti(?hed, except blast furnace 
and producer gases, which 
are, of course, of very low heat 
value. The engine ran per- 
fectly smoothly and was 
remarkably silent for an 
engine of the size. When 
running on petroleum oil the 
consumption worked out at 
.414 lbs. per B.H.P. per hour, 
which is equivalent to an 
over-all efficiency of 30.0 per 
cent, at full load, which is 
really a remarkable figure for 
a single cylinder engine of only 
40 B.H.P. Running on petrol 
the engines used .622 lbs. per 
B.H.P. hour, this higher figure 
being due .to the low f com- 
pression employed due to the 
fact that the engines were 
destined for a tropical climate. 
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These particular engines were 
intended to run on natural 
gas, but as this was not avail- 
able for test bed purposes tTic 
trials were run on town’s gas 
of 430 B.Th.U.’s heat value, 
when the consumptions were 
20.0 cubic feet per B.H.P. per 
hour, which is equivalent to 
an over-all efficiency of 28.3 
per cent. 


The illustrations given show 
the engine when runiting as 
a cold starting engine (log. A), 
and when running on ga.^ 

(I'ig. B). It will be observed 
that the alteration is very 
slight. (Fig. B) shows the 
engine with the magneto con- 
nected ftp and running as a 
gas engine. 

When running on oil the 
engine employs no heating 
device, such as hot bulb, hot 
plate, etc., firing being ob- 
tained solely by spontaneous 
ignition. This type of engine 
employing mechanical injection 
and dispensing with the hot h*. 
bulb is particularly suited 
for the use of the heavier 
grades of fuel oil generally employed 
in furnace firing. 


A 


Its high degree 
the wide range of 


of economy and 
fuels which it is 


capable of burning should ensure a 
most satisfactory future for it. 



THE USE OF COKE AS A FUEL FOR STEAM GENERATION 


With regard to the discussion that 
has recently taken place in the 
American engineering jyess, with 
regard to the advantages of coke as«a 
fuel for steam generation, coke - 
under certain conditions- -is a highly 
efficient fuel for this purpose, and a 
large number of boiler plants in 
London, for example, have been 
burning coke and coke breeze for 
many years. It is not always realised, 
however, that the chief factor govern- 
ing the efficiency of coke burning is 
the percentage of moisture present. 
With conditions of careful quenching 
and storage under cover, the per- 
centage of moisture shoulcknot exceed 
5-6 per cent. Under these circum- 
stances coke has heating value of 
12,000-12,500 B.Th.U. per lb., with 
say 12-15 per cent, ash, and it burns 
with an extremely hot efficient smoke- 
less fire with a high emission of 
radiant heat, and about 15 pet; cent. 
COa in the flue gases. It is possible 
to obtain evaporation figures of 10 lbs. 
of water per lb. of coke (and* over 


tuf lift;, is quite common), and com- 
paratively easy to work a hand fired 
Lancashire ” or “ Cornish ” boiler 
plant at SO per cent, efficiency, and it 
is an ideal fuel for small vertical 
boilers. With hand firing and natural 
- -nr better steam jet furnace 
draught it is necessary, however, to 
keep a very thick fire with coke, 
which does not require poking or 
raking, as with coal, and not more 
than 20 lbs. per square foot of grate 
area per hour can be burnt. With 
mechanical stokers and water-tube 
boilers, however, the figure can be as 
high as 30-35 lbs. per square foot per 
hour, and up to 50 per cent, of coke 
breeze may be mixed with the coke 
without reducing the efficiency and* 
rate of combustion figures by more 
than say 10-20 per cent. Further it 
may be burnt as pulverised fuel in 
unit pulverisers. Another advantage 
of coke as a fuel for steam generation, 
is that the ash does not form clinker, 
but is perfectly granular, like sand, 
so that cleaning out is an easy matter. 


This seems to be due to the smal 
amount of sulphur in coke. Un- 
fortunately, 1 however, coke easily 
absorbs moisture, so that, because of 
careless quenching and exposure to 
the weather, the average percentage 
of moisture is usually 10 12 per 
cent. 

It is also easily possible for coke, 
and especially coke breeze, to be com- 
pletely waterlogged and to contain 
20 per cent, moisture, in which case 
the reduction in the efficiency is so 
serious, both because of the decrease 
in percentage of actual combustible, 
and the necessity of evaporating this 
excessive moisture in the boiler 
furnaces, that the evaporation figures 
are only 4-5 lbs. of water per lb. of 
coke instead of 0- 10 lbs. There has 
long been some vague idea that coke 
burning corrodes the boilers, but this 
is entirely erroneous, and many gas 
works have had cylindrical boilers 
burning coke breeze continuously for 
over 40 years without the slightest 
effect on the bojler. 


212 


1 industria l in — d — I — a 

• « 

A Recent Waste Heat Boiler 


I N a recent issue we dealt with 
a nmnlK-T of pioneer installa- 
tions, when waste heat from 
different types of gas-works 
retorts was utilised for steam 
generating. 

We are now able to illustrate one 
of two boilers recently shipped to the 
Tokio (ias Works, Japan, by Messrs. 
Spence r-Boneco lift I,td. 

Kach of the boiler plants in question 
deals with waste gases from a large 
lnmch of continuous vertical retort 
settings, and each boiler unit is 
complete with superheater and in 
duced draft fan unit. 

It is interesting to note that the 
makers employ their patent device 
for cleaning the boiler tubes without 
interfering with the running of the 
plant, as waste heat recovery practice 
lias proved this to be neccssarv when 
dealing with dirty gases. 

Another feature is complete accessi- 
bility of the boiler for cleaning on the 
water side of the heating surface. 

This type of waste heat boiler is 
claimed to have a tube efficiency of 
over 90 per cent., and special arrange- 


ments are embodied in the design to 
ensure the correct draft being main- 
tained on the /etnrt settings under 
all conditions of service. 


The boiler illustrated is similar to a 
number recently supplied to Gas 
Works, Steel Works, etc., all over 
the World. 
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EFFECT OF THE WAR ON RAILWAY POLICY 


Sit William Acworth, K.C.S.I., 
who is well known in India, from the 
fact that he presided over the recent 
Committee of Inquiry into railway 
administration, recently contributed 
a short series of articles on “ The 
Railways." His first article was 
particularly instructive, and in his 
inimitable style, he reviewed the 
changes in railway policy brought 
about by the war. As he well said, 
there has been much wavering 
between private ownership and 
nationalisation. Whereas England 
and America, after sampling public 
management, have gone back to 
private management, Belgium and 
Germany, after seriously considering 
denationalisation, have definitely 
decided to retain State ownership. 
The new system of private manage- 
ment is, however, both in England 
and America, very different from the 


old, and similarly there is a prospect 
of radical changes in the methods of 
State management both in Belgium 
and Germany. Trance, on the other 
hand, has decided to re-lease to a 
private company the Quest , which it 
nationalised in 1908, and so again 
becomes a country of private com- 
pany management. But in return, 
the new French law of 1921 makes 
the already strict control of the 
State over the companies still more 
strict. In Canada the State has 
taken over from private management 
* some 20,000 miles of railway. In 
Holland, the State which hitherto 
owned the railways, but leased them 
to companies has now entered into 
partnership with the companies by 
acquiring the majority of the shares 
and, consequently, the right to appoint 
a majority of the board of directors. 
It may further be stated that Spain 


proposes to follow the example of 
Holland. 

The idea of partnership between 
public authorities and private in 
vestors is, says Sir William Acworth, 
not at all new in connection with 
^enterprises “ affected with a public 
interest "—to use an expressive 
American phrase. It worked success- 
fully for many years on the Mexican 
Railways, and was applied before the 
war to numerous tramway, electric 
light and ^ower, and similar under- 
takings by the German municipalities, 
while it is being further developed in 
that country at present. It would 
seem from this brief review of the 
general railway position in many 
lands that we are still far from the 
happy state of having found the best 
method of control, and India would, 
therefore, be well advised to move 
slowly. 



C ONSERVATION of fuels 
is perhaps # a matter that 
will more vitally concern 
the next rather than the 
present generation, but 
it is one that ought to occupy a 
prominent place in our scientific and 
industrial research work to-day. 

Cheapness of production, however, 
is an important present-day problem 
and one to which we must bend our 
untiring energies if we are to main- 
tain our prestige and position in the 
world's commerce. Not the least 
factor in the cost of production is 
the item of fuel costs. With indi- 
vidual plants consuming over a 
thousand tons of coal per week, and 
others using hundreds of tons of oil, 
the cost of fuel must bulk wry largely 
in the annual balance sheets. 

Of the various fuels available, 
pulverized coal would seem to oiTer 
very many advantages from the 
point of view of cheapness. The 
costs of different fuels at the present 
time are approximately as follows': - 4 

Coal (nuts) ... ... 21/ per ton 

Fuel oil /<) 

Small slacks (sunnier) ... 4/- 

Tiicse figures are fur use in Kng!*uul only, 
and arc for June, 1922. ^ 

• 

In the U.S.A. pulverized coal as a 
fuel has received much more con- 
sideration than has been the case in 
this country, and it has been widelv 
adopted in many large power house 
plants. 

At the River Rouge boiler plant 
of the Ford Motor Co., the four 
supposed largest boilers in the world 
are fired by pulverized coal and blast 
furnace gas. This method of firing 
was only adopted after an.exhaus* 
tive survey of all possible types, and 
it would seem to indicate that there 
are potentialities in powdered coaj 
that will well fepay the careful 
consideration of fuel users. 

In the cemenl; industry it has been 
standard practice for many (about 
60) years for firing rotary kilns. 
Whatever Tnay be the impression 
regarding this fuel for other applica- 
tions, sach as boiler houses and 


furnaces, there can be no two 
opinions on its suj>eriority lor cement 
work. 

In the utilization of powdered coal 
as a fuel there have been in the past 
both advantages and disadvantages. 
Among the latter were the costliness 
of the pulverizing plant, the in 
advisability of storing the ]x>wdered 
product for use, and difficulty in 
dealing with the ash. If these can 
he eliminated, or at any rate con- 
siderably depreciated, there would 
seem to be a wonderful future for 
powdered coal. 

The advantages it claims are 
cheapness of fuel, extraction of most 
of the heating value, low labour 
costs, and the fact that low grade 
coal can give good results. 

In the past a powdered fuel plant 
has not only been costly to instal 
but equally costly to maintain and 
run, entailing, as it does, a coal 
dryer, with its auxiliary furnace, a 
tube mill or other pulverizer, eleva- 
tors, conveyors, separators, bins and 
bunkers for storage, fans, etc. 

.With a new invention named the 
“ Atritor," it is claimed that all the 
disadvantages mentioned above are 
eliminated. This machine dries, 
granulates, pulverizes to any degree 
of fineness and delivers the fuel into 
the combustion chamber all in one 
continuous process as and when 
wanted, at any desired rate of 
delivery without any auxiliary plant 
whatever, other than a feeding 
arrangement for the coal, 

The “ Atritor " is the invention of 
Mr. Chas. K. lllytli, and is now in 
constant use at his cement works at 
Stockton, near Rugby, Messrs. Chas. 
Nelson & Co. Ltd. The sole licen- 
sees and manufacturers are Messrs. 
Alfred Herbert Ltd., of Coventry, 
to whom all inquiries should be 
addressed* 

The first “ Atritor " was put into 
commission about twelve months agn 
(June, 1021). During the interven- 
ing period this machine and two 
others have been subjected to very 
rigoroas tests in the course of much 
experimental work, and the stage 
has now been reached when the 


machine can be placed on the market 
under a guarantee. The machine 
as designed is known as the No.* 10 
size, and it is guaranteed to give, 
with an actual power consumption 
of 30 11.11, an output of 1.K00 lb. of 
coal jht hour pulverized from J in. 
lumps to a fineness such that 05 per 
cent, will pass, through a llritish 
Standard 100 x 100 mesh screen. 
A larger machine is being designed 
at the present- time, while a smaller 
machine is also in contemplation. 

A typical “ Atritor " installation, 
as applied to two 140 ft. X H ft. 
rotary cement kilns consists of two 
“ Atritors ” driven by 40-11.1*. electric 
motors, each with a 10 ton raw coal 
hopper for feeding, and an elevator 
for keeping the hoppers full, with 
a screw conveyor from the elevator 
to one hopper. It is recommended 
that 40-11. P. motors be installed for 
driving this size of machine, though 
it will give full output when grinding 
coal not exceeding f in. in any 
direction (it 30 11.?. 

A similar installation is capable of 
burning over 800 tons of cement per 
week. It is, however, advisable to 
have a third “ Atritor " as a standby 
in case of breakdown through any 
cause. It is a simple matter to 
arrange the delivery pipes with flap 
valves so that any of the machines 
can deliver its products at the point 
desired. 

The cost of pulverizing coal by the 
“ Atritor " system at vStockton is 
about 2/7 per ton, while by the old 
installation it was about 5/3 per 
ton. There are very few plants 
which operate at such low cost, the 
majority ranging round 6/- to 10/6 
per ton. 

Another decided advantage of the 
“ Atritor " system of burning the fuel 
immediately is the fact that a lower 
grade of coal can be used with con- 
sequent decreases in cost. With the 
old type of plant a large part of the 
volatile combustible matter in the 
coal is lost during the drying opera- 
tions and storage. The approximate 
difference between the lowest grade 
coal it was possible to utilise by the 
old system and the coal which can 
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be burned quite satisfactorily by the 
“ Atritor " system is 10/- to 7,0 per 
ton delivered at the works. 4 lie 
total costs lor fuel burnt in the kiln, 
that is, delivered at the works, 
handled and pulverized and pro 
pelted into the kiln, are therefore 
15/3 per ton by the old installation, 
agamst lo 1 per ton by the 
Atritor. 

The advantages elaimed for 
the “ Atritor ” system for pulver- 
izing coal may he summed up as 
follows 

1. It is a small, self - contained 
unit for drying* pulverizing and 
prop< llitie the fuel direct into 


on together, and the product is 
burned immediately without oppor- 
tunity to absorb moisture after 
pulverization. This is important, 
as powdered coal is extremely 
hygroscopic. 

h. The whole of tin* combustible 
contents of the coal trass into the 
furnace, and a ri; burned. 'I here is 
no optHirtuiiity for the volatiles to 
in* lost. 'This is a very important 
i ,oint , as considerable waste of 
volatiles takes place during dry- 
ing and storage under the old 
system. 

7. It eiitilely supersedes the clab- 


ing of the machine or to the resultant 
product. 

12. The hot air supply for drying 
can be drawn from any convenient 
source of waste heat. 

13. No smoke or soot is formed 
and no combustible matter left in 
the asji. 

14. Pulverization may be carried 
to any degree of fineness desired. 

15. A high temperature can be 
obtained very quickly. 

10. By the addition of a minute 
amount of paraffin (a patented pro- 
cess), (.07 per cent, by weight of coal 
pulverized) the time for heating up 
is reduced by 75 per cent. A rotary 
kiln is ready for use 40 minutes after 



Interior of Atritor 

the combustion chamber ready tor 
burning, in one continuous process. 

2. It will deliver any quantity at 
any rate desired, as and when 
wanted, up to its capacity of l .800 lb. 
per hour. 

3. It is continuous in action, and 
dispenses with the necessity for 
storage bins. 

4. It can be started and stopped 
at will. 

5. The drying' and, pulverizing go 


.IN Hsrhcrt ltd. 

hitherto employed for the purpose. 

8. There is no necessity for any 
subsidiary plant other than a feeding 
device for the raw coal. 

0. The cost df the installation is 
low. The power consumed is low. 
The cost of maintenance is extremely 
low. The labour cost is low. 

10. It is entirely dustless in opera- 
tion. 

11. The moisture contents of the 
coal make no difference to the work- 


lighting up. 

17. The addition of paraffin also 
enables coal which is unburnable 
when ground by other means to be 
successfully burned by this system. 

IS. There is no heat wasted nor 
waste of fuel when damping down. 

10. There are no screens used, and 
therefore no clogging of material. 

20. An efficient metal separator is 
incorporated in the inlet end of the 
machine. This dispenses with the 
use of a magnetic separator. 

All these are claims which can be 
substantiated at any time. They 
are claims which must command 
attention by reason of the. economy 
o{ fuel consumption promised. 

As previously stated, the coal 
used at Stockton costs about 10/- 
per ton pulverized and ready for 
burning. It is known as small slacks 
ot* smudge, for which the present 
market price is from 2/0 to 4 /- per 
ton at c the pit head. Yet this in- 
terior quality of coal gives as good 
results as coal costing four times as 
much, merely by the addition of 
paraffin in drops. 

The addition of paraffin during 
pulverization has produced such 
almost extraordinary effects that the 
process has been patented. The 
requisite amount for firing up is .07 
]K*r cent, by weight of fuel burned, 
or about 1 \ pints per hour to 1 ,800 lb. 
of coal. The paraffin can be shut off 
# when full heat is attained, or it can 
be kept on when pulverizing very 
inferior coal, in order to assist in 
maintaining the teinjierature. 

• It is interesting to note that 
during the coal strike in the middle 
of 1921, rotary kilns were success- 
fully heated by coal dust from the 
grass-grown refuse heaps by the 
slight addition of paraffin mentioned 
above. 

The average analysis of tjhis refuse 
coal was as follows ; — 
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Moisture varied from \) to 20 per 
cent, according to position on the 
heap and time of using. The dried 
coal gave on the average : * 

Volatile combustible mailer |.V2" tl 

Pixeil carbon ... ... .'UUi",, 

Ash • ;»4.2"„ 

Heating value li.T.l' s. |>er lb. 

The mechanical features of the 
“ Atritor ” are shown in the illus- 
trations. 

It consists generally of : - 

(«) A hopper with variable screw 
feed driven by cone pulleys and 
worm gearing and lever operated 
slide, for regulating the flow of raw 
coal. 

(b) A coal chute and metal separa- 
tor in, which any material of heavier 
specific gravity than coal is thrown 
out and thus prevented from injuring 
the machine. 

(c) Hot and cold air supply duets. 

(d) A casing with fixed pegs of 
extremely hard metal in concentric, 
rings on both sides. 

(c) A rotor disc with similar pegs 
on each side and rejector pegs on 
one side. 

(/) A suction and blower tan cased 
in a scroll. In the scroll are auxiliary 
air ports. 

The coal feeds through the slide 
and screw and tails towards ihe 
centre of the machine, where it is 
met by a strong current of cold ifir 
which is being drawn through an * 
adjustable opening in the front of 
the machine. 

The air draught is adjusted to yie 
amount of coal feed, so that all t the 
coal is pulled into the machijie, but 
anything heavier than ej>al rejected, 
falling down to the air inlet, tipis 
dispensing entirely with the neces- 
sity for a magnetic separator. 

The pull of the fan and centrifugal 
force throw the coal through the 
intermeshing rings of pegs in the 
first disintegrating chamber, called 
the Tirst Effect. 

The coal particles are then dratfn 
by suction towards the centre again 
through the chamber known as the 
Second Effect. It will be noticed 
that the rings of pegs go completely* 
across the Eirst Effect, ^so that the 
coal has no loophole to escape their 
smashing action. In the Second 
Effect’, the rotating rings of pegs 
only go across half the chamber, 
leaving half the; volume free except 
for stationary i>egs. The innermost 
ring on rotor is composed, however, 
of pegs wlfich go completely across 
the chamber and enter a recess in the 
casing ofi the other side. This ring 


acts as a rejector for coal particles 
that may be still too large for use. 
In addition, a set of eddy currents 
are set up towards the centre on the 
side of the casing and towards the 
periphery up the side of the rotor 
disc. The circulation thus set up in 
the Second Effect completes the pul- 
verization until the. particles of coal 
are so impalpable that they are 
drawn by the fan and profiled into 
tile furnace. 

For full capacity of 1,800 1b. per 
hour with only 5 per wilt, residue on 
1(H) x 1(H) screen, the slide under 
the hopper should be full open and 
the screw feed on the fastest rate. 
Hot air should be drawn in at a 
temperature of round about 450 deg. 
to 000 deg. C. At this temperature 
coal of a high moisture content will 
be completely dried in its passage 
through the machine. The auxiliary 


air ports in the casing on the de- 
livery side should be shut. 

If for any purpose the required 
output is to be less than the above, 
the slide should be closed first and 
the cold air inlet regulated so that 
no coal is rejected by the metal 
separator. 

For a still smaller output the screw 
should feed at a slower rate, and the 
slide worked in conjunction. The 
cold air will have to be adjusted until 
coal is not thrown out by the separa- 
tor. This may then necessitate the 
opening of the auxiliary air ports to 
give sufficient air for combustion. 

| *,The above fully explains the theory 
and mechanism of the “ Atritor.” 
So far it has not been applied to any 
other use than the filing of rotary 
kilns, so that data is not available 
regarding the firing of boilers, loco- 
motives and furnaces. 
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Conducted by HARTLAND SEYMOUR 


THIS SECTION DEALS WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OP THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Methods of Remuneration* 


T HK chief point to remember 
in any wage payment sys- 
tem that may be adopted, 
is that the unit cost of pro- 
duction is the one essential 
factor in any commercial or industrial 
concern. That is to say, whether a 
man is paid so much per hour, per 
day, or per piece, is entirely im- 
material. What does matter is the 
percentage occupied by wages in the 
final cost of a product. Let time or 
piece rates be as high as they can, as 
long as production costs are kept 
down. This point is illustrated by 
the fact that in some of the best 
organised industries, wages are highest 
though production costs arc lowest. 
Conversely, in the worst organised 
factories wages are lowest where pro- 
duction costs are highest. 

The usual basis of wage payment 
systems is the time rate of calcula- 
tion. A worker receives so much 
per hour, per day, per week, per 
month, or per year, depending entirely 
on his trade or profession, even though 
piece rates or payment by results 
systems are also in force. That is to 
say, sometimes a time rate wage is 
guaranteed to the worker, while this 
may be supplemented by his own 
efforts on a piece rate basis. 

Though piece rate systems may be 
in force in a works, there are certain 
instances where time rates are in- 
evitable. For instance, on the ad- 
ministrative side, managers, foremen 
and tlie like ; again, in some of the 
skilled trades, fitters or pattern- 
makers, and also in the unskilled 
occupations present in every factory, 
e.g., cleaners, oilers, labourers and 
watchmen. These grades of labour 
must be paid by time, even though 
they may participate in a payment 
by results or collective bonus scheme 
such as in the Priestman plan. 

Naturally, such a basis on wliich 
to pay wages is open to considerable 
abuse, and suitable supervision must 


be undertaken by the manager or 
owner to ensure that he is getting, 
anyhow, some return. In other cases, 
of course, the return is assured by the 
presence of an adequate amount of 
goodwill. 

The commonest form of abuse of 
time rates is, of course, deliberate 
slacking. A worker may sign on, and, 
if he is an experienced hand at the 
game, just do enough work to retain 
his job, and making a point of doing 
it when the instrument of supervision 
is in the immediate vicinity ; at other 
times lie enjoys himself, and inter- 
feres with his neighbours. Such a 
type has an extremely deleterious 
effect on the rest of the shop. Not 
only does he distract their attention, 
but other men, normally good workers, 
will very likely say to themselves : * 
What is the use of doing our best and 
working hard, when X (the delin- 
quent) still holds his job and gets file 
same wages for doing next to nothing ? 
And sometimes they follow X’s ex- 
ample. 

Simple time rates, of course, offer 
no incentive to a skilled workman to 
improve his quality or his quantity. 
The unskilled man has not much In- 
ducement, except the fear of being 
fired, and the time rate for him calls 
for a more or less efficient discharge 
of his duties, but for no special en- 
deavour. The skilled man on time 
rate alone will not increase his work 
or his endeavours unless out of love 
for his craft, goodwill for his em- « 
ployers, patriotism or hopes of ad- 
vancement. Material inducement is 
there very little unless some system 
of piece rate owtoonus is imposed upon 
the original time rate basis. 

On the other hand, since time rates 
are based upon the time-keeping sys- 
tem, fines may be introduced to pro- 
mote good time keeping, that is to 
say, workers may be allowed a certain 
latitude, 'say a total of time lost of 
10 or 15 minutes per week, but over 


that figure they are subjected to fines. 
This system may, of course, promote 
good time keeping, but this dbes not 
necessarily involve good work and 
high production. 

In general, the system of payment 
by time alone, which is, of course, 
unavoidable for a comparatively large 
proportion of workers, provides no 
direct stimulus for increasing either 
the quantity or the quality of the 
work done. As a result some men 
will inevitably keep well within their 
capacities, so as merely to retain 
their jobs ; while good men have the 
quite legitimate complaint that extra 
exertion and better quality work is 
accompanied by no increased reward. 
• On the other hand, payment by 
time has tins advantage over pay- 
ment by the piece, and that is that 
the uncertainty of wages, inevitable 
in the latter, is absent in the former 
system. This uncertainty may even 
promote such an anxiety in the 
worker* as to spoil his or her work. 

If output 1 records are kept for each 
operator, then some distinction be- 
comes possible, and a difference in 
wages can be made, and it is apparent 
wliich workers have exerted them- 
selves sufficiently to justify an in- 
crease in remuneration. 

Perhaps the most satisfactory sys- 
tem under time rates is payment on 
day rate basis, especially in small 
factories. Here, where each man is 
known personally to the management, 

' the system of paying out each week 
the flages due is simplified, and no 
lengthy exp4anations are necessary, as 
is sometimes the case in piece work 
Systems. Owing t© the fact also that 
there is no incentive to the men to 
hurry unnecessarily, there are less 
spoilt parts, and the' system of inter- 
operation inspection need be less 
rigorous. 

Payment on a daily basis can, of 
course, be applied to non-productive 
workers as well, for instance men in 
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charge of electric trucks, crane ora- 
tors, and power plant operatives. 

The other chief system of wages 
payment is the piece work system, 
which is divisible into a large number 
of variations of the original payment 
of so much per piele done. 

There can l>e no doubt but that 
some system of piece work does, in 
most circumstances, tend to increase 
output. This is very well illustrated 
in Fig. 1, which is toased on figures 
taken by a committee of investiga- 
tion into various systems# of wage 
payment during the war.* In this 
chart the daily output of seventeen 
girls drilling fuses is compared. For 
the first week these girls were on 
time *rates, the following week they 
were put on a 
piece wage. The 

consequent rise 

in output is- at 4f>00 | 

once apparent, 

amounting to 24 5600 — _ 

per cent, over 

the day shift, 

and 40 per cent. 5000 

over the night 

shift. 

An important 2400 

point to remem- 2200 

ber is that what- 2000 

ever system of l# °° 

piece rate is 1600 ~ 

adopted, it ,4o,> 

should be clearly 

explained to the 77 

workers. This v. 

should be done . *Jj. 

so that any man . 

possessed of — 

average intelli- • mmm 

gence can ealeu- * 

p TD 1 i«nr wor 

late what wages 
are due to him, 

and just what 

he will receive 


calculation is either impossible nr too 
complicated for the wage earner, and 
suspicion as to its exactness is preva- 
lent, at least among adults indeed, 
the wages department itsell olteii 
seems doubtful alxait the exactness 
of the methods. ” 

111 the simple piece rate plan, a 
worker obtains so much per piece 
finished. Thus, in an eight-hour day, 
if a worker produces no pieces he 
receives nothing. Suppose, then, a 
rate of .v pence }>er piece is decided 
upon. Then if a worker produces 
50 pieces in 8 hours, he will get 50 *d, 
If he produces 100, he will get 100 vd. 
Thus it is obvious that the curve of 
wages earned is a straight line when 
the rates are the abscissa* and the 
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receives lOOil., or 20d. i*r piece, and 
so on for every piece up to 10. beyond 
that he may receive, say, 3d. per , 
piece alcove 10. Thus for II pieces 
lie will receive 1 03d., and so on. 

In the premium, or bonus, or 
premium Ixunts systems, the piece 
rate diminishes to a finite minimum. 
Thus, suppose, as in the last case, 

10 pieces are standard, and lOOd. the 
minimum wage. Then the man will 
receive the same wage until his out- 
put is over 10 pieces. Suppose for 
anv number over 10 he receives 3d. 
per piece. Thus* if he produces 20 
pieces he will get lOOd. plus (10 X 3)d. 

UWd., or 0.5d. j>er piece. If he 
produces 30 he will get lOOd. -f- 
(20 >; 3)d. - 100d., or 5.33d. per 
]>iece, and so on. 
In this system 

the rate l>er . 

piece does not 
diminish in- 
definitely; it 
cannot fall below 
3d. per piece. 
Take an extra- 
ordinarily large 
sum ; suppose he 
produces 1 ,000 
pieces, then his 
wage will be 
lOOd. |- (090 X 
3)d. 3,070d. ( 

or 3.07d. per 
piece. 

This system 
/ can be expressed 

/ algebraically. 

.Suppose x to lie 
the price paid 
per piece of the 
liST total (including 

iworK the standard) 

production ; let 
_ A be the mini- 
mum wage ; II 



worK 


for a given extra 

effort. Says Captain Agnew, after 
investigating the conditions . of 
employment of a large number of 
men : 

“ Mistrust, discontent and misunder- 
standing are frequent among em» 
ployees, who imagine that*they are 
being exploited, when, ^s not infre- 
quently happens, they are unable to 
estimate for thefnselves their exact 
earnings. When wages are paid by 
the ton or by the piece, the method is 
clearly understood ; but when pay- 
ment is made by some decimal of a 
total outpmt unknown to the •workers, 
by a share of a sum allotted to a large 
group af workers, or by a varying 
piece rate with a* bonus added, the 


number of pieces constitute the ordi- 
nates. Thus, in such a curve, the 
equation is A x B, where A is the 
wage, x the price per piece, and B 
the pieces produced within the 8 
hours. 

* The more usual system, however, 
is where a certain time rate is guaran- 
teed, whatever the men produce, with 
the understanding that a certain num- 
ber of pieces must lx* produced in that 
time, while any pieces over this mini- 
mum are paid for on a piece rate basis. 
Thus, if in an eight-hour day 10 pieces 
are standard, and a worker is guaran- 
teed 100d., then if he produces l 
piece he* receives 100d., or 100d. per 
piece ; if he produces 5 pieces he still 


„f articles beyond which the piece 
rate is paid, ft’., the standard 
output ; let v be the piece rate ; and 
let 0 lx* the output in excess of B. 
Then 

the man’s total output is B C 

Then x A T yC 
B -1 C 

Thus 'the total earnings of the 
( iterator on this system increase in- 
definitely, while the piece rate falls 
with increased production, but never 
Ixdow y, the piece rate beyond the 
standard output. 

There are, of course, various modi- 
fications of this system, more or less 
(Continued on page 232). 
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THIS SECTION DEALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
:• :: THE MANAGEMENT AND CONTROL OF RAILWAYS :: • « 


Goods Handling by Mechanical Appliances 

(Abstract nf a pa/u Y (h'ilJi comments thereon) read 
hv Mr. ( . Ilcntham, M.lnst.l., tit a recent 
meeting of the Hritish Institute of / ransport. 


O NI', of tlur special points I 
havr tried to emphasize in 
the* many contributions I 
have had tlu* pleasure of 
contributing to the columns 
of Industrial India, lias been the 
urgent need for eliminating as t a r as 
practicable the unproductive labour 
involved in handling traffic at any 
one location. The transport of com- 
modities from place to place has a 
distinctly productive value, but the 
transfer at a specific location such as 
a port or railway freight terminal 
is essentially unproductive in that it 
adds nothing to the value of the 
commodity. It is, therefore, of para- 
mount importance that handling costs 
should be reduced to a minimum, and 
in the endeavour to develop machinery 
to supersede manual labour, and so 
not only expedite handling methods, 
but cheapen the working costs, a few 
firms have specialised on this subject 
and have, it must be admitted, 
achieved considerable success. 

A leading firm in Great Britain is 
Messrs. Henry Simon, Limited, of 
Manchester, whose extremely efficient 
grain handling installation at Man- 
chester Docks, was the subject of a 
special article in this journal some 
time ago. Any pronouncement on 
labour saving by the use of mechanical 
appliances by them is. therefore, of 
importance, and for that reason I 
give in this article a sum maty of the 
valuable paper recently read by Mr. 
C. Bentlmn, Managing Director of 
Messrs. Henry Simon, Limited, on the 
subject of goods t handling by 
media n ical appl ia nces . 

Losses at Terminals 

Mr. Bentham opened his paper by 
reference to the question of trans- 
portation generally. He pointed out 


that there could be little doubt that 
the existing methods of transport- 
ing commodities liom place to place, 
long distances apart, were doubt- 
less as cheap as it was possible to 
realise under present-day conditions. 
On the other hand, the fullest use of 
the facilities provided for such trans- 
portation was dependent upon the 
expedition or otherwise of terminal 
work, both in connection with the 
steamship, the railway and the motor 
vehicle. That terminal functions have 
not, speaking generally, advanced at 
the same pace as transport functions 
in the larger sense is admitted by all 
sufficiently versed in the subject, and, 
as Mr. Bentham well said : “ It is 
clear to anyone who has given much 
attention to the full utilisation of 
existing na ans of transportation that 
the greatest avoidable loss occurs at the 
terminals The italics are mine, as 
this definite truth cannot be too 
strongly stressed. I could quote 
several instances to show how terminal 
capacity has so detrimentally effected 
line operation in the case of railway 
transport that in due season an 
absolute “ block " had to be imposed 
on forwardings until the terminal 
could be freed from its congested 
state. That naturally represented a 
considerable loss, in more than one 
direction, and is but one example to 
show how important it is to have the 
terminal arrangements fully propor- 
tioned to the capacity of the transport 
Imk. be it rail, j^yer, steamship or 
motor vehicle. 

Dealing with losses at terminals 
Mr. Bentham rightly points out that 
there should be little hesitation in 
effecting improvements at terminals, 
because of the fact that these can be 
effected for a relatively small outlay, 
compared with the original cost of 


the structure and its equipment. He 
might have added, as he infers, that 
there is the additional factor of 
cheaper working from the moment the 
improved appliances are brought into 
operation, so that the improvements 
only mean the provision of the 
necessary money ; they will soon give 
full value for the outlay. The author 
also urges, and my own experience 
confirms his views, that it is curious 
how little attention is paid to the 
effective use of mechanical appliances 
in terminals, the general rule being 
to # put down appliances and leave 
them to the workmen to work them 
•in any manner they think lit. This 
is not good practice. “ Kffective 
management, will frequently obtain 
go<*l results from unsuitable 
appliances, and the combination of 
good nfaiiagcment, good appliances 
and good will produces astonishing 
results.” 


Traffic Handling at Ports 

In view of the fact that unnecessary 
detention of a vessel is a costly 
business, any factor tending to more 
economical loading or unloading is of 
great importance. Naturally, tile 
handling appliances required in any 
particular port are determined by the 
classes o[ traffic to be handled and the 
type of vessels to be dealt with. In 
Mr. Bentham’s opinion, the provision 
af vessels specially suitable for 
economical loading and unloading 
has not received the attention it 
deserves. General ca»go vessels spend 
on an average 50 per cent, of their 
time iii dock when they are fully 
occupied, and it is evident that this 
is the loss that must be attacked to 
obtain a greater return from* a given 
tonnage, 
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For handling mixed cargoes, cranes 
are the most usual mechanical 
appliances used, and where a variety 
of articles have to be sjowed it is 
difficult to imagine anything more 
suitable. Where, however, large 
quantities of one article are to be 
handled, continuous methods can be 
applied for carrying the articles into 
the vessel, or unloading them. The 
most effective continuous method so 
far adopted is the Donaldson elevator 
conveyor, which can be used advan- 
tageously for sacks* smaller sized 


c;*es, carcases, etc. An ideal arrange- 
ment making for more effective work, 
would be to dump all packages on to 
slow moving conveyors for trans- 
ference from the ship to the transit 
shed where they would he sorted and, 
as necessary, distributed to stores, or 
to railway or road vehicles. Under 
this arrangement it would he possible 
to have the warehouse built well 
away from the quay, leaving the 
quay space clear for cranes, railway 
tracks, etc. Practically no extra 
cost would be involved under this 


system as the extra cost of conveying 
50 or 100 yards is very little, and the 
handling costs are the same in both 
cases. 

In tlie planning of waicliouses it is 
Mr. Pent ham’s belief that general 
transit sheds amid advantageously be 
brought more on to the lines existing 
in grain warehouses, and he gave a 
brief description of a scheme worked 
out for an existing transit shed, at a 
large port, indicating the comparative 
cost of labour under existing condi- 
tions and alter the introduction of 
machinery. The cargoes to Ik* dealt 
with comprise general American pro- 
duce, four tilths consisting of normal- 
sized packages weighing under 3 cwt. 
per package, traffic eminently suited 
for mechanical handling. The scheme 
deals with the traffic from the ship's 
side after being lifted out of the 
holds and placed on the quay either 
by crane or ship’s gear, and shews 
the conveyance to, and rccept in 
transit shed ; and delivery from 
transit shed to rail or other vehicle. 
Taking as a basis 2.0(H) tons of 
American produce, handled without 
mechanical aids, 170 to 200 men were 
employed on the quay and they 
handled 050 tons per day, whereas 
with the introduction of machinery 
t his weight of traffic could be handled 
much more expeditiously by 100 men 
as a maximum. 

A Proposed Scheme of 
“Machinery” Handling 

The diagram in Fig. 1 gives a good 
general idea of the lay-out of the 
machinery proposed. It consists, as 
will be seen, of a circular-ended 
conveyor running round the centre of 
the transit shed, and fed by portable 
conveyors running from the quay, 
and delivering either inside or outside 
the circle in the transit shed, or 
direct into railway wagon. The 
following is a guide to the diagram 

A 1/4. Represents four portable tables 
receiving the packages from the cranes — 
four men at each of these points feeding 
on to portable machines. 

H .1/4. Represents four sections of 
portable conveyors feedin g circular con- 
veyor two men at each of these portables 
feeding on to main conveyor. 

C. Represents the circular conveyor. 

I). Ueprosents the conveyors deliver- 
ing to railway wagon - -one man taking 
off main conveyor at each point. 

K. -Represents position of two men 
in each railway wagon — taking off 
portable conveyor, the end of which is 
raised to enable the packages to be 
easily taken off. 

I‘\ -- Represents sets of two men in 
various positions inside and outside the 
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Fig. 2— Plan and cross sections shewing proposed arrangement in goods depot for 
handling by electrically operated conveyors and overhead transporters. 
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ring for taking off the circular conveyor 
at the nearest storage point. 

0. — Represents srls of three truckers 
to deliver to stack. 

II. - Represents four starker* at 
different points 

This scheme allowed for the simul- 
taneous discharge of four hatches 
and 'receiving on to transit sited at 
four different positions, and delivery 
to three railway wagons at the same 
time. The* total number of labourers 
required is (K), plus four lotlers and 
seven checkers, making a total of 
71 men to receive, house and deliver 
with machinery, \yilh an allowance 
of a further 25 men for trucking the 
heavier packages and stowing outside 
the circular conveyor, there is a 
total of 04 men required for quay 
service. 


a diagram showing a scheme of con- 
veyors that would have the effect of 
expediting handling and economising 
cost/ l do not propose to elaborate 
this phase unduly, for it is my 
intention in ail early issue of 
Industrial India to deal on a 
comprehensive basis with the question 
of railway freight terminal working 
in the light of British, Continental 
and American experience. 

In the scheme illustrated the lorries 
would enter at position marked " A " 
and " set up " eight or ten at a time 
alongside the receiving room, the 
floor of which would be at lorry 
level. The goods would be dis- 
charged from the lorry, checked and 
weighed and after being marked as 
to destination would be placed on the 
circular-ended conveyor marked " 11." 


this method would speed up the work, 
reduce the labour costs and ease the 
labour of the men employed. For 
packages of a heavy and bulky nature 
overhead electric travelling cranes 
running the full length of the building 
should be introduced. These cranes 
which should be of, say, 20 cwt. 
capacity, are shown in the sketch 
under the letters " G," " H," “ I," 
“ J," and “ K " and would, of course, 
convey traffic direct from road 
vehicle to wagop and vice versa. 

While the outlay on such a scheme 
as that suggested would naturally be 
considerable, there can be little doubt 
that, once installed, large savings 
would be effected on labour account. 
In the sketch plan the width of the 
conveyor in proportion to thp plat- 
form width has been exaggerated, 



Assuming there was no increase in 
speed of working, though in practice 
there would be considerable, the 
labour cost, with machinery, would be 
no higher than Is. 9d. per ton for quay 
services as against about 3s. 2d. per 
ton for purely manual labour. Thus 
the saving on the unloading and dis- 
tribution of a cargo of 2,000 tons 
would in the aggregate represent 
about £200, after making full 
allowance for depreciation and running 
costs and taking proper credit for the 
saving in time that would result on 
the performance of Work by 
machinery. 

Conveyors for Goods 
Terminals 

Mr. Bentham also dealt at some 
length with possible savings in the 
handling of railway traffic at freight 
terminals, and in Fig. 2, I reproduce 


Receiving from this conveyor, a 
further set of conveyors (reversible) 
marked on the sketch " C," " D," 
“ K," and “ F," would run down tire 
various platforms to carry the pack- 
ages to the wagons. Men would be 
stationed at the junction between the 
circular conveyor and the conveyors 
running along the platforms at the 
points above indicated in order to 
divert the packages from the circular 
conveyor to the platform conveyors. 

The circular-ended conveyor “ B " 
should be run level with the floor at 
the “ loading on " jwsition, but 
should rise to a height of, say, 2 feet 
at the point where the traffic has to be 
diverted to the platforms conveyors. 
These conveyors would travel along 
the platforms at a height of 2 feet 
above floor level, the goods being 
transferred to the platform by means 
of portable chutes. The adoption of 


wffile the other sketches give sections 
of elevations in different positions. 

This, in brief, is an indication of 
the manner in which modern 
machinery developments are helping 
to cheapen the cost of transportation. 
It should always be borne well in 
lifind that in all classes of transport it 
is the terminal costs that are the 
main item, and anything that will 
tend to reduce them should always 
'receive .careful consideration. But 
these appliances are not merely of 
service in connection with transport 
terminals. They are — in a modified 
form— admirably Adapted for use in 
factories and large works, and in fact 
are being increasingly adopted in 
Great Britain. Their utility has been 
proved^ and it is now only a matter 
of time before the major portion of 
heavy manual labour is dispensed 
with. 
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A New Coke Car 


M essrs. Stafford & 

Company Limited, of 
Coalville, Birmingham, 
who have a great reputa- 
tion as builders of rail- 
way rolling stock, have recently 
supplied a large coke car for use in 
the plant of the Wale wood Coking 
Company, of Waleswood, near 
Sheffield. The vehicle, which is 
shown in the accompanying illustra- 
tion, is of sound construction and 
measures 40 feet over headstocks, 
with an extreme width of 15 ft. 0 in., 
and height of 7 ft. 9 in. It is built to 
run on the standard gauge and 
designed to be manipulated by a 
winding engine and cable. 

The red hot coke from the ovens 
is ejected on to the car floor and runs 
down to the gates. The vehicle is 
then drawn to and fro under jets of 
water, which quickly reduces the 
temperature. Thus the quenching of 
the coke is only a matter of a few 
minutes, and the vehicle, after stand- 
ing about fifteen minutes longer for 
the contents to cool completely, is 
drawn to the loading dock and the 
coke trail ferred into waiting railway 
wagons for despatch to the consumer. < 
The coke car is then available for 
removal to receive the discharge from 
other ovens. 


The vehicle runs on six cast steel 
wheels, and is fitted with spring draw- 
gear at each end, spring buffers of the 
usual railway wagon type being fixed 
at one end only. The under frame is 


built up of 12 in. x 3J in. x Jin. 
channels, tied together with angle and 
gusset plates, and the body is con- 
structed of angles and plates all 
(Continued on page 229.) 
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Nickel Chrome* Steel for Railway Screw Couplings 


. 1 short article describing certain tests carried out 
on Xickel Chrome Steel Screw Couplings, manu- 
factured hv Cammcll Laird & Company Limited. 


I T is generally recognised that, as 
in flying, so also in steel manu- 
facture, the recent War pro- 
vided so peremptory a stimulus 
that the progress in botlwthese 
arts during that period far surpassed 
anything likely to have accrued 
under the normal developments of 
peace-time. 

While it is not, of course, always 
possible to adapt the knowledge thus 
acquired to peaceful purposes, full 
advantage haj been taken of these 
developments in the manufacture and 
treatment of Nickel Chrome Steel, as 
applied to railway screw couplings — 


additional strength of which is of 
vital importance. Many years ago, 
the gradual increase in the weight of 


trains, and the capacity of wagons 
led certain companies, more parti- 
cularly the Indian Railway Companies, 
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to look for a substitute for York- 
shire Iron or Straight Carbon Steel, 
and this led to the eventual 
selection of Nickel Chrome Steel for 
these important components. 

This was a class of steel widely 
used during the war, and considerable 
experience was* then obtained as to 
the best heat treatment to ensure 
uniformity and perfect soundness. 
This experience was applied by 
Messrs. Cammell I/aird & Company 
to railway s^rew couplings, and the 
result was highly satisfactory, as will 
be seen from the accompanying 
facsiiflile of a test sheet showing the 
results obtained at the Sheffield 
Testing Works, on a coupling manu- 
factured by this firm and one 
selected at random from lot put 
forward for inspection. It may be 
mentioned that this test is quite 
typical of the tests obtained in con- 
nection with a contract for several 
thousand couplings, which Cammell 
Laird's are completing, and when it 
is added that, so far, not a single 
coupling has failed at test it will be 
evident that all doubts regarding the 
consistency of the steel may be set 
aside. 

The test is, of course, a destruction 
test, the specified minimum load being 
100 tons, and it is instructive to note 
that, in addition to being able to 
withstand this degree of tension, the 
•nickel chrome coupling, apart from 
• actual fracture, will carry about 
twice the tonnage of straight carbon 
steel couplings without permanent 
distortion . The elastic limit is 85 per 
cent, of the ultimate strength. The 
weight, by the way, is 10 lbs. less than 
the carbon steel couplings. 

. The risk of injury to the steel by 
overheating at any stage in the 
course of manufacture is reduced to a 
minimum in the method adopted by 
Messrs. Cammell Laird & Company 
Limited, as the essential operation of 
heat treatment is carried out under 
the most accurate and careful pyro- 
metrie control. 


A .leading British steel maker 
recently estimated that rust and other 
kinds of corrosion cost the world five 
hundred million pounds every year. 
The ravages of corrosion are so great 
that we are not surprised to learn that 
in Great Britain a proposal has arisen 
for the formation of a/i association of 
manufacturers of products which are 
non-corrodible and anti-corrosive. 
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The Electrification of English Main Line Railways 


.1/ a joint meeting of the Midland Hr (inch of the Institution of Mechanical 
Engineers, with two of the Local Engineering Association, held early this year, 
the above subject was discussed . and the views of a number of prominent engineers 
were recorded. MV give below sonic extracts from this very interesting discussion. 


T HE Chairman (Sir Henry 
Fowler), said that no time 
could be more opportune 
lor discussion of this subject. 

If they couldjgive a lead, 
although he was afraid this was 
impossible, as to what railways were 
likely to require for electric current, 
it would be most desirable. There 
were some few mechanical points to 
be dealt with. Mr. A. \V. Gibbs, of 
the Pennsylvania Railroad, in a 
paper read before the Franklin 
Institute, had pointed out difficulties 
arising with low centre of gravity and 
symmetrical wheel-base. We might 
take it, that if we could neglect 
financial considerations, electrical and 
mechanical difficulties could be over- 
come. The financial difficulties were, 
however, great, and for lines of low* 
density of trade traffic first cost and 
also maintenance cost were -likely to 
be high for the work done. 

Mr. H. N. Oresley (Locomotive; 
Engineer, North Eastern Railway), 
observed that it was a subject nliich, 
of late, had been much to the fore 
as the electrification of railways had 
been strongly urged as a means of 
enabling railways to pay their way 
and reduce their working expenses. 
Unquestionably the electrification 
of subservice and suburban railways 
carrying a dense passenger traffic had 
achieved successful results. On a 
mineral section of the North Eastern 
Railway the goods results had been 
enhanced by the fact that the Com- 
pany was saved the cost of providing 
a. power station, a supply of £heap 
power being available. He suggested, 
however, that the problem of main 
line electrification was a totally 
different and mueft more difficult 
matter. It could not be urged that 
the main lines were congested. As 
a matter of fact, the train passenger 
mileage on the principal railways was 
only about 70 per cent, to 75 per 
cent, of what it was in 1913, 
while the® goods mileage was 80 
per cent, to 85 per cent?* A 


much greater tonnage could therefore 
be carried with the existing equip- 
ment without any necessity for doubl- 
ing the lines. In those circumstances 
it would not appear that a huge 
expenditure on the electrification of 
the railways would give a com- 
mensurate return, after paying the 
interest on the outlay. < )n the other 
hand, if the trade of the country 
improved to such an extent as to 
necessitate the doubling of the main 
lines and the provision of more 
locomotives, even then the question 
of the electrification of main lines 
would require very serious considera- 
tion. Such electrification was, of 
course, largely contingent upon the 
price at which current could be 
obtained, and that, in turn, was 
dependent upon the erection of the 
sniper -power station. The latter 
seemed to be linked up with the 
electrification of main line railways. 
During the past years several papers 
had* bum read on this subject ; the 
comparisons, however, referrred prin- 
cipally to the cost of fuel and repairs, 
little mention being made of the cost 
of electrical equipment of the lines 
with substations, third rails, or over- 
head^ transmission. No mention was 
made, either of the extra cost of 
maintenance due to third rails, or 
overhead wires, and, in the former 
case, the extra cost of maintenance of 
the running track due to the presence 
of the third rail. In making com- 
parisons the most modern steam 
locomotives should be compared with 
the most modern electric locomotives. 

A very important paper on the 
Electrification of Railways was read 
. by Sir Phillip Nash, in the early part 
of last year, and he (the speaker) 
might perhaps quote one or two points 
which had a very direct bearing on 
this subject. Broadly speaking, the 
electrification of main lines could 
only be expected to show direct 
savings where traffic was very dense, 
and eve# in such cases the most 
favourable cpnditions were a network 


of lines covering a limited area, 
or a section of line where tlu* volume 
of traffic was such that increased line 
capacity must be provided if steam 
haulage was to continue. 

It was stated recently, that the 
cost of electrifying a railway was 
something like {20,000 per mile, and 
that included the provision of a third 
rail, substations, and power station, 
also the electric locomotives. Those 
figures were for a very dense traffic, 
and were based on some twelve or 
fifteen years ago ; it was suggested 
that probably they wire double 
to-day, but he would take those 
figures as they stood. It has been 
stated recently, that the weekly 
receipts per mile on English railways 
wOvS { 100, which would give a yearly 
revenue of about {5,000 per mile. 

If it was going to cost {20,000 to 
electrify a mile of English railway, 
the interest of 5 j>er cent. |K*r annum 
was { 1 ,000 yearly. The receipts per 
mile to-day he was taking the whole 
of the railways, and was not referring 
to suburban lines were stated to lx* 
about {5,000 per mile ; and if {1,000, 
or 20 per cent, of the earnings was to 
be absorbed in paying interest on the 
capital expenditure on electrification, 
it seemed to him to be somewhat 
difficult to make out a strong case. 

He was strongly in favour of the 
electrification of suburban railways, 
and railways where it was necessary 
to spend a large amount of money in 
doubling lines. In those eases he 
thought it was very likely that the 
electrification could show a great 
advantage. For long lines of railways, 
with traffic which was not dense, it 
• appeared to' him that unless the cost 
of electric supply could be reduced 
very much below the present figure, 
there was not likely to be sufficient 
financial return for the money which 
would be involved in carrying out 
the scheme. 

Mr. William Willox (formerly Chief 
Engineer of the Metropolitan Rail- 
way), said that since 1913, the price 
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of coal, the cost of materials of all 
kinds, and the rates of wages had 
mounted so high, and passenger and 
freight prices had been consequently 
so raised that the railways were 
losing traffic. Conqxditum from road 
traction hrd arisen, and was as 
serious as competition from electric 
trawmays and motor omnibuses. 
Gradually suburban railways were 
electrified at a considerable cost 
(mostly owing to each railway having 
to provide its own power station), and 
were successful. The Metropolitan 
Kail way in 191JJ, carried nearly 122 
million passengers, and 182 millions 
in 11)11). The Lancashire and York- 
shire trebled their Ira flic. Sir W. 
Forbes of the I/mdon Brighton and 
South Coast Railway, stated quite 
recently that his electrified lines 
brought 150 per cent, more traffic 
and 200 per cent, more money, and 
showed on the capital expended a 
return of over 15 per cent. Now he 
wanted to electrify the main line to 
the coast, towns. The Fast I/mdon 
Railway in the electrifying of which 
he himself had a hand was largely in 
tunnel and passed under the Thames 
in Brunei’s tunnel. This line was 
electrified without interfering with 
the traffic. Up to 11)13 it was worked 
by steam, and carried 5,500,004 
passengers ; after this the number of 
passengers steulily increased, and in 
11)20, the number was 10,307,382. an 
increase of 184 per cent. The London 
and South Western Railway electri- 
fication increased their traffic by 100 
per cent. In 1015 the North Eastern 
Railway equipped their Shildon-New- 
port line, which with sidings was 50 
miles long, with overhead electrical 
track equipment. This line dealt 
with heavy mineral traffic drawn by 
powerful electric locomotives, five of 
which did the work of thirteen steam 
locomotives. In America there were 
x number of cases where main line 
working had been and was being 
turned to electric working, with most 
favourable results, especially where 
there were heavy gradients and 
tunnels. In South Africa the railway 
from Glencoe ] unction to Pieter- 
maritzburg, 171 miles, was to be 
ilectrified. 


Accommodation 

Owing to the continuous increase of 
traffic into terminal stations the 
question of accommodation arose. 
This might be solved by costly 
extension of the.ter minus or by 
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electrification. The Metropolitan 
Railway hauled its main line steam 
trains from 7 or 9 miles out by 
electric locomotives, and the same 
thing would have to precede main 
line electrification in many cases. 
The cost of the electrification on such 
railways as the Metropolitan, in- 
cluding power-house and everything 
was somewhere about £20,000 a mile 
pre-war cost. The cost of electrifying 
the Hast Loudon Railway, which 
received current from I /its Road, 
was about £5,400 per mile pre-war. 
The power-houses were intended to 
be built near the coalfields where 
coal should be plentiful and cheap. 
There was no engineering difficulty 
in electrifying existing steam railways, 
even when the traffic was dense, with 
either the contact-rail sysetm or the 
overhead track equipment. No cases 
were known on the Metropolitan 
Railway, where men had been killed 
or injured if ordinary care were 
taken. The cost of ordinary main- 
tenance of a rail-contact line was 
found to be £12.04 per mile per 
annum. 


An efficient change-over 

There were over COO trains a day 
in and out of the main line part of 
Baker Street Station. The old 
station was pulled down and every 
line in the station was altered in 
position. A new station and new 
offices were built on columns «veV the 
lines and platforms, and no serious 
accident happened to any man and 
no train was delayed. On the West 
London line, electrification was carried 
out while the traffic was carried on 
regularly, and, with the adde$ 2s. 
per week per man " juice " money, 
maintenance amounted to £13.1 per 
mile per annum. As to increase of 
staff only one gang of five men was 
added, and this was in the densest 
9 miles of line. With power supplied 
for electrification, signalling could be 
electric or electro-pneumatic and 
track circuiting could be readily 
installed throughout, thus adding 
additional safeguards, and the sec- 
tions might be lengthened or shortened 
in order to accommodate more trains. 

Mr. Roger T. Sffiith (Chief Electrical 
Engineer, Great Western Railway), 
said that although experience of main 
line electric locomotives was very 
limited in this country, there was 
enough to interpret the much longer 
foreign experience ip terms of British 
railway working. Spme of th$ 
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advantages of electric over steam loco- 
motives were beyond dispute. An 
electricjocomotive used power trans- 
mitted to it from outside ; a st^m 
locomotive was an independent unit, 
with [lower limited by its maximum 
boiler out-put* An electric r loco- 
motive should be built to haul the 
heaviest train of wagons, which the 
draw-gear would stand, but one of 
the great limitations of electric trac- 
tion in this jountry was that 700,000 
wagons were owned by private owners, 
and that the draw-gear was not kept 
to tit* strength which the railway 
companies themselves maintained. 

Within any of the fifty British 
Railway structure gauges, electric 
locomotives could be buil^ to haul 
the heaviest train which would be 
wanted in this country, lie referred 
to trains of about 1,500 tons. For 
most of the structure gauges the 
heaviest steam locomotive that could 
be built had already been provided ; 
but even if the maximum size pf 
steam locomotive had not already 
been reached on most of the railways, 
the heaviest locomotive axle load, 
which could be carried by bridges, 
had been reached in the steam loco- 
motive. The axle-loads of electric 
locomotives were materially less, 
partly because there was no boiler, 
but also because they could make all 
•the axles, if they liked, power axles. 
Although on .the Continent, and to 
some extent in America, designs for 
electric locomotives were used in 
♦which the rotary motion required by 
the wheels was obtained from the 
rotary motion of the electric motors 
through epnnecting-rods and coupling- 
prods, such designs seemed to be 
unnecessary in Great Britain. Reci- 
procating parts were impossible to 
balance completely, and expensive to 
maintain, and therefore one should 
avoid them ; and where the rotary 
motions of the wheels of an electric 
locomotive were obtained from the 
rotary motion of the electric motors 
through gearing, the balancing could 
be as nearly perfect as possible, and 
the first cost of the electric locomotive 
was a minimum. The maintenance 
costs on the Newport and Shfldon 
electrified lines of the North Eastern 
Railway were a quarter of those of 
the corresponding steam locomotives 
which preceded electric locomotives ; 
and on the Chicago, Milwaukee, and 
St. Paul Railway they were one fifth. 
Morp labour was entailed in starting 
and putting away a steam locomotive 
than was the case with-^n electric 
one, and at stated intervals the 
locomotive bad to stop to take 
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coal and, it might be, to stop to take 
in water. If in repair, an electric 
locomotive was ready to haul a train 
' When the driver stepped aboard. 

Pooling was difficult with a steam 
locomotive, whereas the electric 
locomotive could be us<*d for at least 
twenty out of the twenty-four hours 
every day with pooling, and, in some 
cases, it had been used for twenty - 
three out of the twenty-four hours. 

§ * The haulage results of this, and of 
other advantages which fie had not 
tipie to mention, was that whereas 
each steam passenger locomotive 
could haul from 20,000 to 25,000 train- 
miles per annum, according to traffic 
* conditions, an electric locomotive 
could handle from 40,000 to 50,000 
train-miles ; and that while a steam 
goods locomotive could haul from 
10,000 to 15,000 train- miles per 
annum, also according to traffic con- 
ditions, an electric locomotive could 
easily double this record. On the 
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Newport and Shildon line of the 
North Eastern Railway, which was a 
mineral line, the electric locomotive 
train-miles were just double the 
steam locomotive train-miles. On 
the Norfolk and Western Railway in 
the United vStates, where coal trains 
of over 3,000 tons were formerly 
hauled by twenty-seven steam loco- 
motives in one division, similar 
mineral trains were now hauled by 
seven electric locomotives. The ratio 
of average speed to maximun speed 
was greater with the electric than with 
the steam locomotive. An electric 
locomotive having a maximum speed 
of 00 miles per hour could generally 
maintain an average speed 50 per 
cent, greater than the speed of the 
corresponding steam locomotive. 

As to the saving in cost power by 
using electric locomotives, instead of 
steam locomotives, careful comparison 
on the Chicago, Milwaukee, and St. 
Paul Railway, showed that 01 lb. of 
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coal in a steam locomotive, in 1915, 
was required to do the same work as 
one kilowatt of electricity in au 
electric locomotive in 1 91 6. Generally 
speaking, coal costs were now in this 
country something like 50 per cent, 
of the total works costs of kilowatts 
delivered to the truck ; and if the 
coal (including hauling, carriage, mid 
all the expenses of handling ashes 
and their disposal), as actually 
delivered to the furnaces of a generat- 
ing station cost now 30s. per ton— 
which would correspond to 20s. per 
ton at the pithead— -this represented 
0.1 <kl. per 1 lb., and tlie works costs 
to the railway on the above basis 
would be O.GOd. delivered to the 
track. The above American 
experience showed— -assuming the 
same quality of coal- that the equiva- 
lent power in the steam locomotive 
would be Id., leaving 0.4d. to pay for 
the interest on the new capital. 


Contest of ’Portable Gas Generators 

it 


The recent Frciikh triak for Gas Producer Vehicles have revealed sonic 
very interesting results, and we reproduce in tins article some of the 
leading facts of these trials, and also some details of Messrs. John f. 
T homecraft's GUs Producer, which was awarded the highest marks. 


T HE jury of the contest of 
Portable Gas Generators, 
at thtjir meeting at the 
Automobile Club of France, 
announced as follows the 
classification of the competing firms, 
after an examination which continued 
during two weeks of the result 
obtained in the course of the test : — 
L— The firm of Thornycroft, which 
equipped with a Gas Genera- 
tor of their manufacture a 
lorry specialty constructed 
for that purpose. 

2.— Societe Industrielle de Vierzon, 
Pelaugere I/>rry, Orleans. 

3.— Maison Lion Hermite, of Lyon, 
* Satirei^Lorry. 

4.^-Sodete Industrielle de Vierzon, 
Sceftiia Lorry. ^ 


A sfight accident which happened 
to the Gas Generator of the apparatus 
fitted on the Saurer Lorry by the 
Societe Le Gaz Pauvre dans scs 
Applications (G.P.A.), which obliged 
this vehicle to run the last kilometre 
of the track on petrol, did not allow 
the jury to classify this apparatus, 
inT accordance with the terms of the 
contest, in spite of the very appreci- 
able qualities which it showed, as 
will be seen l>y the detailed report of 
the tests which we reproduce. These 
tests were twofold : Bench tests con- 
cerning the regularity of working, the 
economy of consumption, and the 
purity of the gas, which took place in 
Bellevue at the mechanical laboratory 
of the Research Department, on the 
,26th and 27th June last; and road 

• iooft; nine flft 


kilometres, which were carried out on 
the 21st and 22nd July, at an average 
speed of 15 kilometres 250. 


Characteristics of the Apparatus 
concerned and results obtained. 

All the motors which participated 
in the contest were four cylinder 
motors. Th*ir characteristics were 
as follow 

The Bench test lasted three hours 
at full charge, two hours in watchiftg, 
a quarter of an hour when empty, 
one hour and a half at’ half charge,' 
one quarter of an hour at one quarter 
charge, and three hours at three 
quarters charge, and the apparatus 
shnwed the followiliv results : — 
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The following results were shown lose sight of the : 

Adjustment. 


in the running tests : 

Now that the result has been 
obtained, the .question may be put 
whether the success will only be one 
to satisfy curiosity, or whether the 
contest just concluded marks a first 
practical step towards the adaptation 
of a fuel so far not used to motor 
locomotion. Does it mean a new 
field for the utilisation of producer- 
Kas ? 


Accord- 
ing to whether the comparison applies 
to a petrol motor, with a first-class 
adjustment, or with a moderate 
adjustment, the results will be very 
different. If the power of the petrol 
motor is represented by the unit, 
that of the motor driven by producer- 
gas will varv in the first ease between 
0.05 and 0.711, whilst in the second 
ease it will reach 0.70-0.00. 

“Consequently whenever one is dcal- 
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Mr. Auclair, the President of the 
Committee of Mechanics at the Re- 
search and Inventions Department, 
was asked for his opinion, and he 
replied with a very clear and most 
impartial statement which reflects 
mathematically the results obtained, 
and is only a judicious interpretation, 
without in any way favouring hypo- 
thetical speculation. 

41 In the first place,” he says, "a 
reduction of power must be expected 


ing with a lorry having a motor 
liberally dimensioned, as in the case 
of an Omnibus, producer-gas can 
without difficulty replace petrol. On 
the other hand, a lorry with an 
exact motor, equipped with a gas 
Generator, will have the greatest 
possible chance of not running. 

“ Coming to the question of the 
difficulties, there is nothing special 
to be said about the starting and 
driving. On the other hand, the 
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when passing from petrol to producer- 
gas. However, in order to calculate 
this reduction, it is essential not to 
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upkeep is a matter to be considered, 
because with producer gas it must be 
expected that the mechanism has to 
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be cleaned more frequently than with 
petrol, perhaps every fortnight. 
Finally, will not the carbon deposits 
and resulting ashes mean a more 
rapid wearing out of the parts ? 
This is a point which cannot be 
settled at present. I Experience alone 
will show how the motors driven 
with producer-gas are in condition 
after long use. 

“With respect to the economy to be 
expected from the system, it arises 
from a double arithmetical operation. 
On the one part one must consider, a 
redftptimi of running, a diminution of 
the transport capacity, which will 
result in an increase of the amortisa- 
tion and working expenses, which, 
increase may be expressed on an 
average, as is shown from the preced- 
ing, by the co-efficient 1.4. On the 
other hand the use of producer-gas 
will considerably reduce the price of 
the fuel in the relation of 10 to 1. 
In fact the consumption per H.P. 
hour is half a litre of petrol for the 
petrol motor, 7,000 grammes of 
charcoal for the producer-gas motor. 

If petrol is calculated at Francs 
1.80 per litre and charcoal at 120 
Francs per ton, the cost of the H.P. 
hour is Francs 0.00 in the first case, 
and Francs 0.084 in the second case, 

“If it is admitted that the consump- 1 
lion of fuel is to be considered as to 
one half when establishing the ex- 
penses of a lorry (although this is not 
a principle generally admitted), the 
balance sheet of the operation will 
finally be for one half on the basis 
of a diminution in the relation of 
10 to 1 , that is to s:av 0.5 by 0.1-0.05, 
for the pther half on the basis of an 
increase in the relation of 1 to 1.4, 
that is to say 0.5 by 1.4-0.70, so that 
consequently the value of the unit 
with petrol will be 0.75 when using 
producer-gas, which in the end means 
a saving of 25 per cent.” 

This is a rather interesting result 
to encourage the efforts in this 
direction. 

It is stated that the use of producer- 
gas is perfectly compatible with the 
use of petrol, and the two systems 
can . without inconvenience be em- 
ployed ^t the same time on the same 
lorry, whilst the regularisation of the 
running can be obtained by the 
successive ancf judicious use of the 
one and the other. The starting, the 
application of the brake, the climbing 
of difficult parts call for the use of 
petrol, whilst the arrivals and light 
declivities call for producer-gas. 

In that case the lorries with exact 
motors can also benefit df the advan- 
tages of the use of a cheaper fuel. * 
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In short, the results of this first 
contest are highly encouraging. 

The initiative taken by the Research 
and Inventions Department ^ill be 
very fruitful, because it will induce 
the industry to make a fresh contribu- 
tion to the solution of the vital pro- 
blem of fuel economy. • 
f 

General Description of Thorny - 
croft Suction Gas Producer for 
M. Vehicles 

As long ago as the year 11*05, 
Messrs. Thornycroft carried out 
exhaustive exjxniments with # f)ro- 
ducer gas, and fitted out quite a 


As a* result of sixteen* years’ ex- 
perience, a portable suction gas pro- 
ducer has been evolved for use on 
commercial vehicles, and quite 
number are being turned out by the 
firm's Basingstoke works, in response 
to orders and enquiries from the 
Colonies, and also from other parts 
of the world where natural fuels, such 
as charcoal, for instance, can be 
cheaply obtained on the spot. 

The chassis to which the gas pro- 
ducer is fitted is the War Office type 
chassis, of which some thousands were 
supplied to the British Government 
for service during the war. 

The engine is a standard petrol 


Care has been taken in the design to 
ensure that all manholes and cleaning 
doors are easily removable by means 
of dogs or of fly nuts, to obviate the 
use of spanners. 

The producer itself is a brick or 
corundum lined cylinder inside a 
square casing, which, in addition to 
lagging the cylinder, forms a jacket 
for heating the air before it passes 
into the ash pan, and so into the fire 
box. 

The door marked B on the producer 
enables the fire to be easily laid, and 
also acts as a dinkering door. 

The hopper A is made of the same 
section as the producer, to facilitate 




Details of Thornycroft Plant 


number of vessels and motor launches 
wjith suction gas producers, using 
anthracite, coke, wood refuse, etc., as 
fuel. 

In the Motor Boat "Reliability Trials, 
held in August, 1905, a motor launch 
was run which, had most economical 
results, and was awarded a gold 
medal. . 


engine, 4-cylinder, 114 m/m bore by 
152 m/m stroke, with the exception 
of the compression ratio, which is 
raised for running on gas. 

From the drawing of the vehicle, it 
willlbe seen that every part of the 
producer plant is easily accessible, 
and that it in no way interferes with 
the fitting of an ordinary body or cab. 


fitting on thu chassis, but the height 
is adjusted according to the nature of 
the fuel used. 

I ' The valve between the hopper and 
the producer already mentioned is 
marked C on the drawing. 

The hot gases from the producer 
pass down through the water- jacketed 
pipe Bl, which terminates in a plain 
• 


dust collector. B2. This removes the 
larger of the dust particles which 
come over with the gas. This water- 
cooled pipe, in addition to cooling the 
gases, generates a certain amount of 
steam, which is passed into the asli 
pan. From this pipe the gases pass 
into the cyclone dust separator J, 
which lakes out the smaller particles 
of dust, and the gas is then passed 
round the chassis through the cooling 
pipes J l, which are arranged with 
deaning doors (J2) at the corners, 
so that all the pil>es can be cleaned. 

This cooling pipe tends into the dry 
scrubber K, which is packed with 
wood-wool, or • horsehair, or similar 
cleaning material, which finally cleans 
the gas before it passes to the inlet 
pipe of the engine marked 

The steam generated by the hot 
gases in the water- jacketed pipe IU 
f s not nearly sufficient for the satis- 
factory running of the producer. I he 
variable quantity of steam required is 
generated in a boiler fitted on the 
exhaust pipe of the engine marked M, 
this boiler being easily removed with- 
out dismantling the exhaust manifold 
or any part of the producer, and is 
itself easilv dismantled for cleaning. 

•The hand blower, for starting up, 
marked 1>, is accommodated under 
the footboard and on the driver's step, 
and is, therefore, in a very handy 
position for operating. 

The exhauster, which is used lor 
keeping the fire in proper condition 
when the engine is running light, is 
marked N, this exhauster being ver- 
tically over the fly-wheel and carried 
from the engiue itself, and not from 
any part of the chassis. It is easily 
operated by a lever within handy 
reach of the driver. 

The outlet from the producer, 
through which the gases are blown 
in starting up, and also when the 
exhauster is in operation, is shown at 
F, the height of this pipe being 
sufficient to take it above the cab, 
so that the gases are at once dear 
of the driver and above any other 
ordinary traffic which may be en- 
countered. , , . 

The starting up of the plant from 
cold is a simple operation, usually 
completed under ten minutes and 
requires no particular skill, anu the 
handling of the vehicle the road 
is as simple as that of a petrol vehicle. 
The attention required by the plant 
itself depends naturally to a large 
extent upon the nature of the fuel 
■ used. If the fuel is dirty or dusty, 
the dust extractor and scrubber will 
require attention more often than 
with deaner fuel, but to dean the 


dust extractor it is only neeefcary to 
remove the doors at the bottom by 
slacking back large fly-nuts, and in 
tlu* case of the scrubber, since the 
inside can be entirely removed by 
taking off one flv-nut, the re packing 
of this with suitable straining material 
is almost as simple an operation. No 
water is used in the cleaning or scrub- 
bing of the g.'vsts, with the result that 
corrosion of parts due to chemical or 
electrolytic action is obviated, and the 
cleaning operation is simplified. 

The Thornvcroft producer plant 
differs from ’other plants on the 
market in one or two essential fea- 
tures, as the direct result of our ex- 
tensive experience already referred to. 

The steam is generated in a separate 
generator (not attached to the pro- 
ducer at all) by the heat of the ex- 
haust gases from the engine itself. 

The heat of the exhaust gases must 
necessarily be in proportion to the 
power developed by the engine, 
according to its load, thus the correct 
amount of steam for the producer can 
be provided under all conditions. 

The steam generator can be taken 
entirely to pieces for cleaning bv de- 
taching it from the engine. In port- 
able plants this is of very great im- 
portance, owing to the fact that 
whenever hard or brackish water is 
used, a scaly deposit will be formed 
on the inside of any steam generator 
in a very short time, seriously inter- 
fering with the efficient evaporation 
of the water. 

Whilst other makes of gas producers 
can be fitted to the Thornycroft type 
" J ” vehicle, it is obvious yia* the 
Thornycroft producer plant, being 
primarily intended and designed to 
be used in conjunction with Thorny- 
croft vehicles, is, therefore, an in- 
tegral part of the chassis, and is not 
added as an auxiliary, as the other 
plants are, consequently the height 
is cut down to a minimum. Also, 
there are no mechanical movements, 
which, if they went wrong, would put 
the plant entirely out of use. 

One of the difficulties encountered 
in the running of gas producer vehicles 
is the immediate provision of a suffi- 
cient quantity of proper quality gas on 
opening up an engine after the vehicle 
has been standing for a time, say in a 
traffic block in a city, or making a 
delivery ofagoods. With the Thorny- 
croft plant, special arrangements are 
made which are the subjects of patents 
to overcome this difficulty, which also 
occurs in a lesser degree when the 
vehicle is working on very light loads, 
or when over-running when going 
down hill. This arrangement oyer- 


comes the necessity to continually 
race the engine when working at 
than full power, in order that 
the gaj making process may be *>n- 

tU The plant will work efficiently with 
good clean anthracite of the sim 
known as peas, or with charcoal, but 
in the case of light and bdky taek. 
snch as the latter, a somewhat larger 
hopper is fitted. This, however, is 
not important, as a valve is fitted 
between the hopper and the producer, 
as will be %een by reference to the 
drawing, and this valve can be shut oft 
whiWt the producer is in operation, 
and the hopper refilled at any time, 
without interfering in any way with 

With the Thornycroft plant all. 
petrol is dispensed with. *The plant 
is started by means of a hand blower, 
and the engine can be started up on 
vas in ten minutes, after which the 
vehicle can be left standing with the 
engine running slowly for an . in- 
definite period, with the certainty 
that it can get away with full load 
or no load immediately the throttle 
is opened. 

As regards performance on the 
road, the following table shows the 
comparative results obtained with 
charcoal and anthracite as fuel on a 
28-mile course. These may be taken 
as quite average figures, as a log of 
, one of the service vehicles at the 
Thornycroft works running on anthra- 
cite, doing long and short journeys, 
country and town traffic, over a dis- 
tance of 1 ,579 miles, used 2.6 lb. of 
•anthracite per mile. 

The anthracite used is not any 
specially selected grade, although 
obviously the cleaner the anthracite 
•and the smaller the percentage of ash 
in its composition, the better the 
results will be in service. The anthra- 
cite we use is the same quality as used 
in our stationary gas producers at our 
Basingstoke works. 


Comparative Road Tests oe Anthracit* 
and Charcoal. 

Distance 28 miles min . 

Time ... 2 hrs. 2()mins. 2 hrs. 20 mins 

Miles per 

hour 12 4 

Fuel • ... Anthracite Charcoal 

l,bs. par n 

* mile 2.51 2.9 

Water used 45 lbs. 35 lbs. , 

weight 7 tons 10 cwts. 7 tons 9 cwtf. 

2 qrs. 2 qrt. 

Condition • _ 

of road Dry Hry 

Weather Fine Snl/oo 

Data of test 6/4/22 26/4/22^ 

The immense saving , in f utel cofet 
of anthracite over petrol ca% b 




General view of Thornycroft l.u.*ry and Gas Producer 


deduced from these figures. With 
anthracite at 63/- a ton, the cost is 
about jd. per vehicle mile. Taking 
the consumption of petrol as 7 miles 
to the gallon, this would work out at 
one-quarter of the fuel cost of 
petrol. 

► From the point of view of the, 
Colonies and foreign countries, where 


petrol is expensive, if not unobtain 
able, there are immense possibilities 
for this plant, as the nature of the 
fuel which can be used in the producer 
is not limited to anthracite or char- 
coal, but any carbonaceous matter 
which is at present worthless, may, 
with certain alterations to the plant, 
be turned into useful fuel. 


Experiments are continually pro- 
ceeding in connection with fuels, and 
the problem of running on maize, 
which was put up by one of the 
Colonies, although it proved some- 
what troublesome at the outset, we 
understand has been completely 
solved. * 


Improving Railway * 
Communication in New 
Zealand 

The Southern Alps of New Zealand 
have long offered an effective obstacle 
to the fullest development of trade 
and commerce, but as, by the end of 
the present year, it is hoped that the 
.electrified railway through Arthur's 
Pass Tunnel — the longest in the 
Empire — this obstacle will Tiave been 
removed by the ingenuity and skill of 
the engineer. The construction of a 
tunnel under the Alps was sanctioned 
in 1902, but it Was not until 1908, 
v that headings were commenced. The 
headings met .on July 20th, 1918, ten 
years after the commencement of the 
worky and «ince then the construction 


of the permanent way and the in* 
stallation of the electrical equipment 
has been in hand. The length of the 
tuniiM is 5 miles, 545 yards, and the 
line is perfectly straight, with a 
uniform grade of l in 33. The 
approach roads to the tunnel have 
presented as much difficulty as the 
tunnel itself, and on one side in a 
length of 9 miles there are 17 other 
tunnels, the longest 2,000 ft., besides 
three high steel viaducts, one of 
which carries the rails 236 feet above 
the gorge. The total cost of the work 
is little shoit of one million pounds, 
but as it will enormously aid settle- 
ment and industry by bringing mines 
and lumber lands nearer to their 
markets, there can be little doubt 
that it has been money well spent, and 
a work that speaks well for the enter- 
prise of the New Zealand Railway 
administration. 


A New Coke Car 

(Continued from page 221.) 

securely riveted together. The floor 
is of substantial construction, this 
being essential owing to the fact that 
the coke is ejected from the ovens in 
practically a solid mass. The floor, 
therefore, is composed of | in. steel 
plates, lap jointed and secured in the 
framework by \ in. countersunk rivets. 

As will be noted from the illustra- 
tion, the gates arc operated by large 
hand wheels, driving on worm and 
gear wlieelj, and fitted with heavy 
counterweights to facilitate rapid 
opening. Altogether, the vehicle is 
a good example of well-designed con- 
struction for the specific duties for 
which it is intended. It also has the 
advantage of economising labour to. 
the fullest extent in being more or 
less self-tipping. 
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THIS SECTION DEALS WITH THE APPLICATION OP SCIENCE TO INDUSTRY AND PARTICULARLY 
si :: :: DEALS WITH APPLIED CHEMISTRY :s :: :: 


The Colloidal State (ii) 

(Continued front fui^c 171.) 


E VKN when ;i colloid lias 
separated out from solution 
in tin* solid form, it can, in 
many cases, he brought 
back into colloidal solution 
again, or he " Peptised,” as it is said, 
hy small <|uant it ies of various sub- 
stances. A very interesting illustra- 
tion of this behaviour, and one which 
is of the greatest importance in our 
everyday life, is seen in the plastic 
pro]K?rt.ies of clay. Clay is a hydrated 
silicate of alumina which possesses 
the property, in its normal condition, 
of forming, more or less readily, with 
water, a line suspension or suspensoid 
colloid. On this property depends 
what is called the plasticity of clay, 
and just as the presence of certain 
substances renders the clay suspension 
more stable, so also certain substances 
facilitate the passage of the pre- 
cipitated clay into the state of 
colloidal suspension ; they render the 
day more plastic. 

Everyone is familiar with the 
story of how Pharaoh commanded his 
taskmasters to increase the burdens 
laid on the Israelites by withholding 
from them straw wherewith to make 
bricks ; and doubtless many have 
wondered wherein the hardship lay. 
By most ]>eople, probably, the view 
has been held that the straw was 
added as a binding material, much as 
hair is used in mortar ; but such an 
explanation is scarcely satisfying when 
it is remembered that the straw fibre 
is a very weak one, and when we read, 
moreover, that when straw could not 
be obtained, stubble was used. 
Another explanation may therefore be 
offered. 


A Brick Clay Example 

About fourteen years ago it was 
found by Dr. K. G. Acheson, to 
whom we owe the discovery of 


carborundum and the process of 
making artificial graphite, that when 
day is mixed with a dilute solution 
of tannin, it becomes much more 
plastic, and the strength of the dried 
brick is moreover, greatly increased. 
Although straw does not contain 
tannin, it was found that when straw 
is treated with water, the extract 
obtained lias the same action oil day 
as tannin has, the plasticity of the 
day and the hardness of the brick 
being greatly increased. It seems, 
therefore, a plausible view that the 
straw was used, not for the purpose 
of binding the day, but for the 
purpose of rendering the day more 
plastic ; and the particular burden 
imposed on the Israelites would there- 
fore consist in their having to make 
bricks with a less plastic and, con- 
sequently, more difficultly worked 
material. In allusion to this «Dr. 
Adieson gave to the day which had 
been rendered more plastic by the 
addition of tannis, the name of 

Kgyptianiscd day." 

The property of tannin of facilitat- 
ing the production of an ujtra- 
mieroscopic or colloidal suspension, 
has also been applied to the produc- 
tion of a colloidal suspension of 
graphite for use as a lubricant. By 
means of the very high temperature 
which can be obtained in the electric 
furnace, Dr. Achcson was able to 
prepare from anthracite coal a form of 
graphite which could be ground to 
line powder. Such graphite, however, 
when shaken with water or oil, yidds 
a suspension from which the graphite 
soon settles out ^ but if the graphite 
is first treated with a solution of 
tannin, it becomes “ deilocculated,” 
as it was said, and forms a colloidal 
suspension which can be kept inde- 
finitely without showing any tendency 
to separate out. The colloidal sus- 
pension of “ Deflocculated Acheson 


Graphite,” in water is known as 
Aquadag, or water-dag, am! is used 
as a lubricant for metal cutting tools. 
By filtering the aquadag under 
pressure through thin films of rubber, 
the colloidal graphite can be obtained 
as a paste. When this is mixed with 
oil, a colloidal suspension known as 
oildag is obtained which is much more 
efficient as a lubricant than oil alone. 

These colloidal suspensions of gra- 
phite are so fine that the graphite 
particles will pass through the finest 
filter paper. On adding salts, how- 
ever, the graphite is flocculated, as 
we have seen is the case with colloilad 
suspensions of sulphide of arsenic 
4 uk 1 of day, and the graphite is now 
retained by filter paper, and separates 
as a sediment on standing. 

• 

Different Classes of Colloid 

Although we have seen that various 
differences exist in the nature and 
behaviour of the two classes of 
colloidal solutions, the emulsoid and 
the suspensoid, there is one respect in 
which the two classes resemble each 
other, namely, in the relatively large 
extent of surface exposed by a given 
amount of colloid. This large develop- 
ment of surface is due, in the one case, 
to the honey-comb or sponge-like 
structure of the colloid sol ; and, in 
the other case, to the minute size of 
the pqrticles, for the more a given 
mass of yiatter is subdivided, the 
greater becomes the extent of surface 
exposed. To the existence of this 
highly developed* surface, one of the 
most characteristic and important 
actions of colloids,, namely, the re- 
moval of substances from solutiou, 
is due. When, for example, a colloidal 
solution of ferric hydroxide, the so- 
called dialysed iron of the pharmacist, 
is shaken with a dilute Solution of 
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white arsenic, a large proportion, it 
may be practically the whole, of the 
arsenic is removed from solution and 
collected or absorbed on Jhe surface 
of the colloid, and it is to this pro- 
perty of colloids that the use of 
dialysed iron as an antidote in 
arsenical poisoning is due. 

This absorbing action of a large 
surface depends on the fact that the 
concentration of a dissolved substance 
in the surface layer of a solution is 
different from, and frequently greater 
than, what it is in tne body of the 
solution. When the concentration of 
the dissolved substance •* in the 
boundary layer is greater than in the 
body of the solution, the dissolved 
substance becomes concentrated in 
the filler of solution in contact with 
the solid, and this him of concen- 
trated solution temains adhering to 
the surface of the solid when the rest 
of the liquid is poured off. Herein 
we find, also, the explanation of the 
action of the very porous material, 
charcoal, in removing dissolved colour- 
ing matter from solution, a property 
which finds a very important applica- 
tion for the removal of (he colour 
from molasses in sugar refining. 

But the special and peculiar be- 
haviour of colloids depends not. only 
on their power of surface absorption, 
but also on the fact that the colloid 
particles are electrically charged. In 
some cases, ferric hydroxide and 
aluminium hydroxide, the colloid is 
positively charged, but not in most 
cases, it is negatively charged. 

• 

Colloids Electrically Charged 

The existence of such an electric 
charge can readily be demonstrated 
with a colloidal solution of sulphide 
of arsenic. If this is placed in a 
1 T-shaped tube, and if we then insert 
iti the liquid wires connected with the 
terminals of a high voltage battery, 
or dynamo The ordinary electric 
lighting circuit can conveniently be 
employed), one in either limb of the 
tube, we shall find that the sulphide 
of arsenic migrates towards and 
collects around the positive terminal . 
The particles of arsenic Sulphide, 
therefore, carry a negative charge of 
electricity. Even with fine sus- 
pensions, such as# suspension of lint* 

' clay, or a slime of peat, the same 
phenomenon is observed ; the clay 
particles or th£ peat fibres collect 
around the positive firm mass. Since 
the effect depends primarily *on the 
voltage of the current, while only an 
insignificant amount of electricity is 


us<?d, this processed Vataphoresis, or 
electric truns|K>rt of suspended 
particles, constitutes a very economical 
means of freeing a line suspension of 
slime from water ; and it has, in 
fact, found industrial application in 
Germany to the partial drying of 
very wet peat or peat slime. The 
high cost of fuel required to evaporate 
off the water from such very wet peat 
is thereby saved, so that it becomes 
possible to utilise peat-lxigs which are 
so wet that they could not otherwise 
be worked with commercial success. 

When a positively charged and a 
negatively charged colloid, such as 
ferric hydroxide and arsenic sulphide 
aie brought together, the oppositely 
charged particles attract one an 
other, and this leads to a mutual 
flocculation and precipitation of the 
colloids. 

Tlu* property of absorbing and 
removing substances from solution 
which colloids possess in virtue o! the 
large surface which they expose, 
together with the fact that the 
colloids are electrically charged, plays 
an important part in the processes ot 
dveing, in agriculture, in the purifica- 
tion of water and of sewage, in the 
life processes of animals, and plants, 
and in many other domains. 

The process of dyeing is by no means 
a simple one, and no single explana- 
tion can be given of the wav in which 
dyes are, in all eases, fixed on the 
fibre of the material dyed. But in 
recent years the general advance in 
our knowledge of the peculiar be- 
haviour of the substances on the 
c#)l Initial state, has led to the re- 
cognition of the important role which 
colloids may play in the dyeing 
process. Not only arc the fibres of 
silk, wool, and cotton similar, in 
many respects, to colloids, more 
especially in possessing a structure 
exhibiting a largely developed sur- 
face, but many of the dye-stuffs are 
also colloids. In some cases the dye 
ma v be fixed on the fibre by the 
addition of salts, the colloidal dye 
being thereby precipitated in the 
fibre just as addition of salts produces 
a precipitation of colloidal sulphide of 
arsenic. But in other cases the 
process of dyeing is probably one 
which depends largely on a mutual 
precipitation of colloids having 
opposite electric charges, the 
negatively charged fibres attracting 
and fixing on themselves positively 
charged dye-stuffs. 

Whilst it is found that, in very 
many cases, silk and wool have the 
power of taking up and fixing the 
dye-stuff directly, it is frequently 


found that in the case of cotton the 
fixation of the dye has to be assisted 
by a mordant, which is either a 
colloid itself, or can give rise to a 
colloid. The colloid so formed is 
deposited on and within the fibre to 
be dyed, and. attracts and fixes 
oppositely charged colloidal dyes. 
According to the nature ol the dye, 
so must be the nature of the mordant 
employed, salts of aluminium, 
chromium, etc., which give rise to 
the hydroxides of the metals, being 
used when the dye has a negative 
charge or has acid properties (e.g. 
alizarin) ; while tannic acid and 
similar substance^ are employed for 
dves with a positive charge, or with 
basic properties, Chemical actions, 
however, also play an important part 
in the dyeing processes. 

Agriculture 

In agriculture, also, the colloidal 
state is of the greatest importance. 

In the soil there exist various colloidal 
substances, such as the humus, 
colloidal ferric hydroxide and alumin- 
ium hydroxide,* clay, etc. Owing 
to the pressure of these, soluablo 
substances, such as the salts of 
potassium, phosphates, and other 
substances necessary ior the life of 
thr plant, are absorbed and retained 
in the soil, and so kept available for 
the support and nourishment of 
vegetation, instead of being washed 
away into the rivers and sea. The 
humus, moreover, being a colloid 
similar to albumin and gelatin, has 
the property of imbibing water and 
so helps to maintain the soil in a 
moist condition, while it also acts 
as a substrate for the bacteria con- 
cerned in the conversion of nitro- 
genous organic matter into such a 
form as can be taken up by the plants, 
as well as for the other bacteria 
always present in the soil. 

Owing to the presence of such 
colloids as ferric hydroxide and 
aluminium hydroxide, filtration 
through soil acts as a very efficient 
means of purifying sewage and other 
waste water, from organic impurities. 
These impurities in sewage, for 
example, have been found to be, to a 
large extent, negatively charged 
colloids •which are therefore pre- 
cipitated and retained by the 
positively charged colloids, ferric 
hydroxide and aluminium hydroxide. 
By such filtration through the soil, 
therefore, even the highly impure 
water which drains from cultivated 
and manured land is rendered com- 
paratively sweet and harmless. In 
I 
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the same* way, the purification of 
drinking water by filtration through 
beds of sand or through charcoal, 
depends on the removal of impurities 
by absorption on the large filtering 
surface exposed, and on the retention 
pi positively charged colloidal matter, 
bacteria, etc., by the negatively 
charged sand or charcoal particles. 

An important application of the 
behaviour just described, is found 
in sewage farms, where the drainage 
of towns is pumped on the land and 
the liquid allowed to drain through 
the porous soil. Here, the waste 
organic matter is retained and affords 
a rich nutriment tor the growing 
cfops, while the liquid effluent which 
Grains away is such that it might be 
drunk with safety. By such means 
can, in suitable surroundings, a source 
of annoyance and loss be turned to 
profit. 

Modern Theories 

Although, in recent years, the 
importance of the colloidal state 
in its bearing on many of the activities 
of daily life, has become more clearly 
recognised and more fully appreciated, 
it is in connection with our concep- 
tions of the constitution of matter 
that the investigations of microscopic 
and ultra-microscopic suspensions 
have gained some of their most 
brilliant triumphs. For more than 
two thousand years there has existed 
in men's minds the idea of matter as 
made up of separate, discrete particles, 
and in the nineteenth century, as 
we have seen, this idea was given a 
more definite form at the hands of 
Dalfon and of Avogadro. Hut the 
particles, the molecules, which make 
up matter as our eyes reveal it to 
us, are not in a state of rest. In the 
case of gas, these molecules are in a 
state of almost inconceivable tumult 
and commotion, which even the 
restraint imposed by the condensa- 
tion and the congealing of the gas to 
the liquid and the solid state, it is not 
able wholly to subdue. Such, at 
least, is the picture of matter which 
■ the genius of a Clerk Maxwell and a 
Clausius revealed to us in what is 
known as the kinetic theory of 
.matter. But although this theory 
has been found to give a satisfactory 
explanation of the behaviour, more 
especially of gases, and has enabled 
one to calculate not only the size of 
the molecules (roughly, one hundred 
millionth of an inch in diameter), but 
also the speed of their flight, there 
Were not wanting some who refused 
s . to believe in the objective reality of 


molecules, and *of the picture pre- 
sented by the kinetic theory. And 
yet, even as early as 1827, these 
molecules, although by their minute 
size removed far beyond the range 
of human vision, had, all unknown to 
their observers, made their presence 
manifest by their actions. In that 
year, the botanist Robert Brown, 
while examining suspensions of pollen 
grains under the rnicrosco]>e, observed 
that the particles were never at rest, 
but were in rapid motion, vibrating, 
rotating, moving irregularly along a 
zig-zag path, sinking, rising— per- 
petually in motion. In this Brownian 
movement, as it is called, the full 
significance of which has only re- 
cently been grasped- it had, indeed, 
been observed long ago by the 
French naturalist, Buff on, who saw 
it in a manifestation of life — we have 
an actual picture of that tumult and 
commotion of the molecules which 
were revealed to the mental vision of 
mathematical physicists. But it is 
not, of course, the motions of the 
molecules themselves that we see in 
the Brownian movement, but only 
the effect of the incessant bombard- 
ment of the coarser, visible particles 
of the suspension, by the molecules 
of the liquid. 

Over a lengthened period of time, 
the number of blows which a sus- 
pended particle of sufficient size, say 
such as is visible to the naked eye, 
would receive from the molecules of 
the liquid in which it is suspended, 
would be the same in the different 
directions. The suspended particle, 
therefore, would show no sign* of 
motion. But if we imagine the 
period of time made sufficiently 
short, the number of impacts of the 
liquid molecules will no longer be 
equal in different directions, the 
impacts will no longer balance one 
another, and if the suspended particle 
is small enough, it will, at each blow, 
be caused to move, first in one direc- 
tion and then in another, and all the 
faster the smaller the particle ; and 
it is tliis motion of a particle of a 
sus})ension under the blows which are 
rained upon it by the molecules of 
the liquid, that constitutes the 
Brownian movement. With particles 
of ultra-microscopic dimensions the 
phenomenon is exhibited with extra- 
ordinary vividness^and it is to this 
Brownian movement that the stability 
of colloidal suspensions is largely due. 
From the careful quantitative in- 
vestigations of this phenomenon which 
have been carried out in recent years, 
the various molecular magnitudes — 
the kinetic energy of the particles and 


the ir velocity of diffusion, for example 
— have been computed ; and shell is 
the closeness of agreement between 
the results obtained and the values 
which the kinetic theory would lead 
us to expect, that we cannot any 
longer hesitate to believe that in the 
rapid, darting motions of the ultra- 
microscopic particles we have made 
manifest to us something of the 
turbulent stir and bustle which is 
going on unceasingly in that under- 
world of molecules which lies beyond 
the reach of our f sense. 


Methods of Remuneration 

(i Continued frontpage 214.) 

satisfactory, which have been intro- 
duced chiefly to cover specific in- 
dustries. These systems include the 
Rowan, Emerson, and Gautt plans. 

It is obvious that for pien engaged 
on work of a more or less repetitive 
character, the system of guaranteeing 
a minimum time wage, with a stand- 
ard product, and a piece rate for out- 
put in excess of the standard, is very 
fair, and conduces towards good out- 
put. It is only fair, however, to see 
that the standard output is within the 
capacity of the average worker, other- 
wise there is no incentive to increase 
production. In such a system the 
“ trier ” is protected by the minimum 
wage, wliile the best workers receive 
increased remuneration for extra 
efforts put forward. It is sometimes 
advisable, in the interests of the firm, 
to penalise for spoiled work where it 
is directly traceable to the man him- 
self ; otherwise men will rush their 
work for the sake of the extra pay. 
It must be made absolutely certain, 
however, that the spoiled part is the 
fault of the worker himself, and not 
faulty material, and only an efficient 
system of inter-operation inspection 
can determine this. 


# Some time ago surface indications of 
the presence of mdhganese ore were 
detected in Scotland ; and in order to 
test the extent of the formation a trial 
shaft was sunk. Thisxevealed a seam 
of manganese ore seven feet thick. 
Samples of this ore were examined 
and found to contain from 46 per tent, 
to 65 per cent of the metal ^ 
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The Remedy 1 

for Inefficient Driving and § 

Waste of Power I 

When power is not controlled and regulated by Erie! ion ll 
Clutches it often runs to waste. g 

When machinery is controlled by the old fashioned fast m 
and loose pulleys it is subjected to jerk and jar winch a 
shortens Its life and wears out belts and gearing betore m 
their time. If 

When it is necessary to stop the engine in case of acci- g 
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machinery in an instant by means of reliable Friction g 
Clutches, loss of life may occur. §1 

THE REMEDY is the installation of KEY WOOD & g 
BRIDGE’S IMPROVED PATENT ERIC I ION g 
CLUTCHES — the Clutches with a guarantee of satis- g 
factory service behind them. H 

Like our Clutches our Mill-Gearing 1 

is designed for long and sat is fact ory j 

service. Some of the largest Cottoh gs 

Mills in India have been equipped 1 
by us. 1 S 

RUBBER MACHINERY— We specialise in the manu- 1 
facture of macliinery for the Rubber, Gutta Perclia, g 
Balata and kindred trades, and can completely equip | 
factories with alt modern machinery and appliances. g 
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Jouknai, < ii*' Indian Industries and 
Eauouk. 

In the February number of the 
Jouknai, or Indian Industries and 
lyAROUR, Messrs. Iv K. Watson and 
K. C. Mukerjee of the Technological 
Institute at Cawnporc, discussed the 
nature and extent of* the deposits of 
Reli salts in the United Provinces, and 
estimated that a very large quantity 
of carbonate of soda existed in the 
soil covering a large portion of that 
province. In the current number of 
the Journal the same authors deal 
with the problem of utilizing these 
Reh salts in an article in which they 
give the results of various experi- 
ments conducted by them with the 
object of ascertaining the best method 
of preparing pure soda ash, caustic 
soda, sodium sulphide and other 
products from this indigenous 
material. The results of these re- 
searches and the account of the 
methods by which they were obtained 
will be of much interest to industrial 
chemists. 

On the occasion of His Royal 
Highness the Prince of Wales’ visit 
to Calcutta in December, 11)21, the 
work of decorating the streets along 
which the Royal procession was to 
pass was entrusted by the ( Govern- 
ment of Bengal to the (Government 
School of Art at Calcutta. The way 
in which this commission was executed 
is briefly described in a very interest- 
ing article in the Journal by Mr. 
Percy Brown, the Principal of the 
School, who describes how the ornate 
columns, which decorated the roads 
were constructed of papier maelie 
placed over a wooden framework. 
The results fully justified the experi- 
ment and constituted an achievement 
of which the Calcutta School of Art 
may well be proud. The article is 
well illustrated with plates showing 
the students of the School of Art at 
work on the preparation of the papier 
mache models, and the painting of 
the decorations, while a view of some 
of the pylons in position gives an 
excellent idea of the beauty and 
appearance of solidity which can be 
achieved by the employment of this 
medium. 

The Journal contains a detailed 
account from the pen of Mr. B. M. 
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Reviews 


Dus, Superintendent of the Calcutta 
Research Tannery* on up-to-date 
tanning processes under Indian con- 
ditions. The value of the work done 
by Mr, Das in the interests of the 
tanning trade is well known, and in 
the present article the whole subject 
is treated in a most complete and 
practical manner. 

Mr. D. Penman, Principal of the 
School of Mines and (Geology, which is 
about to come into existence at 
Dhanbad, in Bihar, and Orissa, con- 
tributes an article on Mining and 
(Geological Education in India. After 
touching on the need for technical 
education to keep pace with the 
industrial advancement of a country, 
he shows how important a part is 
played by technical education in the 
ease of mining. The article gives a 
brief history of previous attempts to 
enlarge and raise the standard of 
mining education in India, with 
particular reference to the coalfields 
of Bengal and Bihar and Orissa, and 
explains the need for adequate facili- 
ties for mining and geological educa- 
tion. The demand for trained mining 
engineers and geologists with a know- 
ledge of mining cannot be adequately 
or satisfactorily supplied from outside 
the country, and the importance of 
the projected School of Mining utul # 
(Geology can hardly be over-estimated. 

Mr. Iv iv A. Cove, Inspector of 
Industrial Schools in the Central 
Provinces, makes an appeal for the 
adoption of industrial careers in- 
volving an acquistion of practical 
knowledge by the upper and middle 
classes iu India. The country* needs 
more producers, and her industries 
demand that the best brains in the 
country should be brought to bear 
on them. Mr. Cove argues, with 
reason, that Indian capital will be 
shy of Indian industrial ventures 
until it is assured that such ventures 
are in the hands of practical men, 
whose ability and status will inspire 
confidence. 

Mr. S. R. Khosla, jlyeing Expert to 
the Government of the Punjab, writes 
on vegetable dye-stuffs, and gives a 
brief account of the processes of 
extraction and utilization of vege- 
table dyes with a brief description of 
the difficulties met with in the 
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industries. Possible methods of utiliz- 
ing the waste products of liquor 
distilleries in India are discussed by 
Mr. 1\ Iv Bharucha, Assistant 
Director of Industries in the Bombay 
Presidency. 


Wire Ropes 

We have before us an English 
Copy of the New (8th Edition), 
(General Catalogue of Messrs. (George 
Cradock & Co. Ltd., Wakefield, just 
issued by this well-known firm of 
rope experts. 

The publication of a General Cata- 
logue by a Company of so long an 
experience and standing as Messrs. 
Cradock -whose Catalogue has always 
been regarded as of the highest 
authority in the Wire Rope Industry 
■ must lx: of enormous value, and 
will doubtless receive a very warm 
welcome from all those concerned in 
the purchase, maintenance and usage 
of Wire Ropes. 

In addition to the fullest details 
of the many ropes made by the firm, 
a sepeiatc section is provided dealing 
with these modern and rapid methods 
for the transit of light and heavy 
goods. Excellent views and descrip- 
tive .matter are given of some of the 
installations carried out by the Com- 
pany in India, Java, and elsewhere 
in connection with plantation, irriga- 
tion and other work, which should 
have special interest for Tea Planters 
and Companies engaged in the growth 
of tropical produce. 

It is difficult to realise the time and 
labour involved in the lay-out and 
production of a work of this nature, 
but the amount of detail and illustra- 
tive matter, together with the ex- 
ceptionally fine tables of rope sizes, 
weights and breaking strains is such 
that is very rarely met with. 

The whole production reflects much 
credit on the firm, andjs a catalogue 
they may well be proud of. We 
have ascertained that in addition to 
the English Edition, which is now 
available, there will shortly follow 
the French and Spanish copies; 
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The 


future Management of 
Indian Railways 


The question as to whether the Government of India or private companies should 
operate the Railways is one still causing controversy, and the information given in this 
article , together with the views on the general question, should therefore he of interest 


AT the opening of the Legisla- 
/% tive Sessions, in Septem- 
j % her, the Viceroy of India, 
Jl Lord Reading, was able, 
in his speech, to report 
certain important decisions that had 
been taken with regard to railways, 
following the recommendations of 
the Ac worth Committee. He referred 
to the setting aside of Rs. 150 Crores 
during the next five years in con- 
nection with railway rehabilitation, 
the appointment of a Central Ad- 
visory Board — constituted on some- 
what different lines from those advo- 
cated by the Acworth Committee,— 
the proposed early formation of* a 
Rates Tribunal, and the reorganisa- 
tion of the Railway Board. In view 
of the wide difference of opinion, he 
was, however, unable to give any 
indication as to the policy of the 
Government with regard to railway 
operation in the future, but it is 
evident that definite decisions will 
SQon have to be made, as the Govern- 
ment contract with the East Indian 
Railway expires in December, 1924, 
and with the Great Indian* Penin- 
sula Railway in July, 1925. 

During the past few months the 
Government of India has sought th£ 
advice of those engaged in commerce 
and industry, and it is well that they 
have done so ; for, after all, it is the 
public who have to pay the piper, 
and they should at least hfcve an 
opportunity of taking part in the 
melody. * The position is somewhat 
complicated by the fact thaf* the 


Indian Central Railway Advisory 
Board is reported to have decided by 
seven votes to four in favour of State 
railway management as against com- 
pany management, while the reply 
of that powerful body, the Bengal 
Chamber of Commerce, is unani- 
mously opposed to State management. 

Briefly stated, the Bengal Chamber 
of Commerce reiterates its previously 
expressed opposition to State man- 
agement, for the reasons that this 
has proved financially unsound in 
other countries, railway working is 
adversely affected by political in- 
fluences, and that under State man- 
agement there is a lack of initiative 
and flexibility. 

The document addressed by the 
Government to the Bengal Chamber 
of Commerce i« a lengthy one, and 
refers at the beginning to four 
possible method* of management, as 
discussed by the Acworth Committee 
and tabulated below : — 

(1) Management by English com- 

panies ; 

(2) Management by a combination 

of English and Indian com- 
panies ; 

(3) Management by Indian com- 

panies ; and 

(4) Management directly by the 

State. 

The first two methods were unani- 
mously rejected by the Committee, 
which, however, was equally divided 
on the alternative between manage- 


ment bv Indian companies and direct 
State management. 

The major question on which views 
were invited was as to whether the 
East Indian and Great Indian Penin- 
sula Railways should, on the expira- 
tion of their contracts, be taken over 
by the State or entrusted to a com- 
pany domiciled in India, while second- 
ary, but still important, questions 
were as follows 

(a) In the event of company man-c^ 
incut, what is the preferable , 
scheme of administration to 
be adopted ? 

(h) Tn the event of State manage- 
ment, should a board of di- 
rectors be associated with the 
agent, and in t hat ca<e should 
the board be composed mainly 
or entirely of business men ? 

Two schemes of company manage- 
ment were included in the Govern- 
ment document, these having been 
prepared “as a basis for discussion." 

Summary of Bengal Chamber's 
Reply 

In theif reply, the Bengal Chamber 
of Commerce explain that they have 
considered the question with par- 
ticular reference to the East Indian 
Railway, and that while many of the 
considerations governing their con- 
clusions would have similar applica- 
tion to the Great Indian Peninsula 
Railway, it does not necessarily 
follow that they should. 
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J With regard to the mainjpiestion, 
that of State versus company manage- 
ment, the Chamber slates that the 
Government is aware that the Cham- 
ber has always been opposed to a 
policy of general State management, 
and that it. is still ” unhesitatingly 
of the same opinion.” They there 
fore desire most strongly to see the 
Hast Indian Railway continue under 
company management. In pointing 
out that they have given the question 
further, and very mature considera- 
tion, the Chamber reminds the Gov- 
ernment that . as indicated in a 
previous communication, they have 
had the great advantage of ex- 
perience of the working both of 
State-managed and of company man- 
aged lines, and as far back as 1910 
they gave it as their considered 
opinion that the public were better 
served by the company - managed 
lines than by the State lines. 

The Chamber add that the argu- 
ments against State management are 
well brought out by the live members 
of the Acworth Committee who favour 
company management. “ An im- 
portant and weighty section of opin- 
ion, including that of the Railway 
Hoard, is,” they point out in para. 
2f»4 of their report, “ opposed to the 
view that State management is the 
best, holding that, as railways are 
primarily commercial undertakings, 
they should be managed on a com- 
mercial basis, so as to secure economy 
and efficiency, that is to say, by a 
company with a board of directors. 
They also referred to many references 
in the Acworth Committee’s report 
to the experience of countries where 
State management exists all of which 
went to prove that State management 
of railways was wholly bad. 

In particular they refeired to the 
railways of Switzerland, of Austria, 
and of Italy, while with regard to 
American experience of State man- 
agement, they mentioned specifically 
the remarks of President Harding, 
who, in a recent address to Congress, 
referred to the hecdlessness of cost of 
Government operation, and “ em- 
phatically asserted that there would 
be a foundation for rebuilding (the 
railway industry) if it was clearly 
understood that there would be no 
State ownership.” 

The Chamber also repudiates the 
suggestion, in connection with com- 
pany- managed lines, that the State, 
by far the largest shareholder, depute 
their rights to a company having only 
a small stake in it. They especially 
note in this connection that it is 


. • 

erroneous to talk of ” deputing 
rights,” and in justification for this 
statement, observe that at several 
points in their report the Acworth 
Committee call attention to “ the 
constant interference of the Govern- 
ment in the details of railway execu- 
tive management.” 

In dealing further with this ques- 
tion, it is important to remember 
that the recommendation of a part 
of the Acworth Committee as to 
State management must be read “ as 
coupled with and conditioned on, the 
adoption of the recommendations 
made with respect to financial and 
administrative matters.” Vet, while 
the proposals of the Railway Id nance 
Committee as to capital expenditure 
have been accepted, there still re- 
mains the question as to whether the 
railways shall have a separate budget 
of their own, and assume the responsi- 
bilities for earning and expending 
their own income. Under date Decem- 
ber lb, l!)2l the Railway Finance 
Committee state that under existing 
conditions it is not possible to separ- 
ate railway finance from general 
finance. This question is inextricably 
woven with the general question of 
State management, 'and the two 
must be considered together. As 
those members of the Acworth Com- 
mittee who supported direct State 
management made their recommenda- 
tions conditional on the arrangement 
of ,i separate railway budget, the 
refusal to do the latter mav be 
held to vitiate their views on the 
former. 9 • 

Subsequently, the Chamber dis- 
cussed the two schemes submitted 
by the Government, and definitely 
turned down the idea of a system of 
railway management on the lines of 
a Pott Trust in connection wjitb 
State operation. The two schemes 
submitted are considered at great 
length, and the final conclusions of 
the Chamber are as follows : 

(a) So far at any rate as the Hast 
Indian Railway is concerned, 
the Chamber are of opinion 
that, on the expiry of the 
present contract, the manage- 
ment should be entrusted to a 
company domiciled, in India 
with a directorate not less 
than half of which should be 
Indian. 

(/;) The Chamber consider that 
scheme No. 1 forwarded with 
your letter provides the basis 
for a workable and satisfactory 
arrangement. 


(c.) In the event of 3 State manage- ♦ 
ment being favoured, the 
Chamber are of opinion that 
any scheme of associating a 
board of directors with the 
Agent, on the lines of Port 
Trust management, should not 
be contemplated. 

State or Company Management 

While there are, of course, certain 
reasons peculiar to India that make 
the question oi State versus company 
management rather more difficult to 
solve t litre than in many other coun- 
tries, it should not be difficult to 
prove that many advantages attach 
to company management as com- 
pared with ’direct State operation* 
As Sir Sam Fay, General Manager, 
Great Central Railway of England, 
well said in his recent presidential 
address to the Institute of Transport, 
it should be capable of demonstration 
that controlled private management 
is better than uncontrolled State 
management. That, really, is the 
crux of the matter. State manage- 
ment is, broadly speaking, uncon- 
trolled, in the sense that there is no 
authority to exercise higher control, 
and the door is consequently opened 
to considerable abuse. With com- 
pany management, adequately con- 
trolled, there should result the highest 
efficiency, while the public has always 
the knowledge that their interests are 
being watched by the State. 

This question of State versus com- 
pany management of railways is a 
world-wide one. Only a short time 
ago, brttli in Germany and Switzer- 
land, there was an insistent demand 
to* the denationalisation of the rail- 
ways, in order to check the many 
abuses and to ensure more effective 
management. The problem, too, has 
been deliberated in Great Britain, 
and it is an open secret that when 
Sir Ivric Geddes set up his “ grandiose” 
Ministry of Transport, it was with the 
definite idea of taking over the whole 
of the British railways, ” lock, stock 
and barrel.” In fact, the future in- 
tention of the Government to take 
over tlvi railways had been fore- 
shadowed by a Minister of the Crown 
in a speech to his Scottish constit- 
uents. But time,* went on, and it 
became increasingly apparent that 
the British public had had enough 
of State control, not only of railways, 
but of many other things. So the 
policy was changed, and the ultimate 
result was the passing of the Railways 
Act, 1921, under which the whole of 
( Continued on page 238.) 
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Conducted by FRANK DAWSQN. 


THIS SECTION HEALS WITH THE GREAT BASIC INDUSTRIES OK INDIA 
IN THE PRESENT ISSUE WE DEAL PARTICULARLY WITH SUGAR 


The Eastern Oilfields 


SYDNEY II. NORTH, Assoc. Inst. 1\T. 


By 

T ^HK next few years wiil wit 
ness a considerable change 
in the oil situation from a 
* producing point of view. 
The evidence on which this 
statement is based is clear and uti- 
mistakcable, and it will interest 
readers of this journal to traverse the 
main points in the argument. The 
United States are still the dominating 
factor in the world's oil industry, and 
are likely to remain so for some years. 
A limit, however, has been set to their 
fields' productivity by American geolo 
joists, and oil men, and this limit i- 
marked as from 20 to 20 years hence. 
The wells will, of course, not become 
suddenly exhausted, but during the 
period allocated will gradually tail 
off, and probably remain productive 
for many years, but the relative im- 
portance of the output will be con- 
siderably depreciated. A glance at 
the following figures will convey an 
idea of the position of America* in 
respect to production, and show the 
percentage progress between the years 
dealt with. 
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LTom these figures one might con- 
clude that the forecast n*ade as to the 
decline of the American fields is not 
justified, but production has tc be 
taken in conjunction with consump- 
tion to appreciate the exact position. 
A statement has been drawn up by 
an American authority which shows 
that thepef capita production *)f crude 
oil in the- States in 1900 amounted to 
35.13 gallons, and that this had in- 
creased to 197.25 gallons per head of 


population m 1921. In )9lK the 
output of gasoline from the refineries 
of the United States amounted to 
slightly over 3J thousand million 
gallons, while in 1921 the figure was 
over 5 thousand million gallons, an 
increase of 50 per cent. Another side 
light is thrown on this aspect by the 
growth of the use of motor cars in 
the States, compared with the crude 
oil output. This i> shown in the 
following figures . 
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The 

most important 

indication. 

howev 

er, is revealed in 

the figures 

showing the rapid increase in the 


imports of petroleum and its products, 
chiefly Mexican, into America. The 
quantities of oils brought in from 
outside have increased very exten- 
sively every year, and more especially 
since 1918, as is shown in the follow- 


iifg statement : 
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merit in connection with the oil in- 
dustry oT America would be found 
in the importation of coal into this 
countrv, and certainly indicates an 
increasing disproportion between 
home production and home require- 
ments, either for internal consump- 
tion or exportation. 

This, then, is the position of the 
largest oil-producing country at the 


present time, and its study is essential 
to tin- true consideration of the 
general problem. 

Now, apait from Ametica in the 
West, we have Mexico, and the oil- 
fields of the South American Repub- 
lics, none of which last are sufficiently 
developed to affect the world's supply. 
Mexico, therefore, remains the one 
great hope of the West, and there are 
in that country something like- a 
hundred thousand square miles of 
land asserted to be petroliferous, 
which still remain to be developed. 
The next few years will prove wlmt 
the new and uticxploitcd areas in 
Mexico arc worth. 

Oilfields of the Orient 

'l'lie chief centre of interest, how- 
ever, in oil has now been diverted to 
the other side of the world, and the 
Orient is fascinating oil men as it has 
always fascinated archaeologists and 
ethnologists. Persia, Mesopotamia, 
and the countries closely contiguous 
to these, are at the present time in the 
toils of political influences, not to be 
wondered at when one has gained a 
little knowledge in regard to their 
assumed potentialities as great, future 
oil producers. It is, of course, always 
dangerous to prophesy oil the extent 
and richness of oil land, the drill being 
the sole arbiter between barren and 
productive areas, but judging by the 
indications already given of Southern 
Persia alone, and by the investigations 
which, over a long series of years 
have been made in Mesopotamia, one 
is induced to think that the centre of 
gravity the world’s oil supply will, 
in the course of some years, be shifted 
from the West to the Hast. There 
undoubtedly exists a vast line of oil 
deposits stretching from the Dutch 
Hast Indies to Burma, through India, 
Baluchistan, Persia, Mesopotamia, and 
continuing westwards. 

The principal source of oil in the 
first named ^s, of course, Borneo, 
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where the Shell Company obtained 
exploitation rights over an area of 
l>etween 600 and 000 square miles, 
and as only a small proportion of this 
has been proved and worked, it is 
probable that there exist extensive 
and prolific deposits still undeveloj>ed. 
The present producing area shows no 
signs of decline, and from 1917 these 
fields record a continuous increase in 
output. There are several oil hori- 
zons, from each of which a consider- 
able supply is obtainable, and the 
wells now in yield tap deeper strata 
than they did in the early years. The 
figures of production for the years 
1917 to 1921 are its under : 
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The three important producing 
areas in Borneo are the Koetei area ; 
the Tarakan area, situated on the 
island of Tarakan, on the east coast ; 
and the Miri area, on the west coast, 
in Sarawak. 

The Koetei fields* are developed 
particularly along the very well- 
defined Satiga Sanga anticline. This 
anticline runs from north of the 
Mahnkain to a point north of Balik 
Papan, the crest extending 100 km., 
and is divided into two separate domes, 
the northern being the Sanga Sanga 
Moera dome with the Sanga Sanga 
Moera oil -field, and the southern the 
Saiubodja dome, bearing the oil-field 
of the same name. There is a de- 
pression in the anticline between 
these two domes, in the region of the 
Dondang River. 

The older Miocene . strata which 
underlie the upper Koetei delta series 
are not exposed on this anticline, but 
do crop out on the Palarang anticline, 
which runs parallel further inland. 

The Koetei Fields 

In the Koetei fields three distinct 
types of crude oil are found, viz , 
heavy asphalt oils in the upper 
strata, light asphalt oils at greater 
depths, and paraffin wax oils at still 
greater depths. 

The structure of the’TaraCan field 
is that of a system of two domes with 
a depression in between, tlie major 
axes of which run in N.-S. direction. 
In this area, which is also of delta 
formation, Pliocene sand dominates. 
The field is developed in part of the 

•James Kewlev, Vol. VII, No. 27, Ttriis. 
Inst. P.T. 


delta which was nearer the coast, and 
where, consequently, sands predomi- 
nate, the intcrlying clays being not 
so well marked. Pliocene coals, or 
rather, lignites, often containing 
boulders of cider coal from the 
Miocene formation, are frequent. The 
oil from this field is markedly uniform 
in composition. « 

The Miri field lies on the west coast 
of Borneo The geological structure 
here is not yet so well known as that 
of the two fields described above. 
There is a well-marked anticline, the 
eastern wing being very much the 
steeper. The oil is drawn from the 
western wing. The strata here are 
also of Miocene age, and coals are 
conspicuous by their absence. 

Productive Capacity 

The oils of the Miri field are fairly 
uniform in character, but differ funda- 
mentally from those of the Koetei and 
Tarakan fields. 

What the aggregate productive 
capacity of these fields is, it is im- 
possible to say, as information iti this 
connection is difficult to secure, but 
that there ore vast stores of oil still 
to be recovered from the oil lands of 
Borneo there can be little doubt. The 
wells are of quite a different descrip- 
tion to those of Mexico, where enor- 
mous initial and subsequent outputs 
arc obtained, and in some respects 
the operator prefers wells of this 
character to the high pressure wells 
of the west. They are easier to 
handle, less costly to drill, and* 1 1ft 
possibility of heavy loss from in- 
capability of control, as well as from 
fire risks, are markedly diminished. 

The oil-fields ot Java* and Sumatra 
are not. to be compared with those of 
Borneo from the productive point ©f 
view, and cannot be considered as 
influential factors in the world’s re- 
quirements. The output of Sumatra 
is more extensive than that of Java, 
though the average figure for the last 
five years was not as high as that for 
the preceding five years. In regard 
to Java, the reverse was the case. 
The production of the latter in 1920 
was 312, 000 tons, and of Sumatra 
496,400 tons. 

Before passing ou^o the considera- 
tion of the country which is destined 
to play the predominant part in 
Eastern oil supplies, namely, Persia, it 
will be interesting to refer to the 
possibilities of India proper and 
Baluchistan. Up to the present time 
British India has not figured in the 
list of producing oil areas of the 


Empiie, although a number of con' 
cessions have been taken up and 
examined 4 This is rather incompre- 
hensible in the face of the statements 
made by the geologists of the Indian 
Geological Survey, who testify to the 
fact that indications in various parts, 
especially in the North-West Prov- 
inces and the Punjaub, favour de- 
posits of oil on a commercial scale. 
For instance, in the Suliman range 
the formation is stated to be similar 
to that running through the entire 
north of Persia, and reappears near 
the shores of the Caspian Sea, form- 
ing one of the most constant of geo- 
logical occurrences in connection with 
oil deposits. In close proximity to 
Sherani is the ‘district of Mogliyl Kot. 
From this place, down to Parwara, 
the rocks show a heavy dip, varying 
from N.N.K. to U, and between 
Parwara and the plains below there 
is a well-defined anticlinal, the crest 
of which lies at Dwamandi. 

(To be continued.) 


THE FUTURE MANAGEMENT 
OF INDIAN RAILWAYS 

(Continued from page 236.) 

• 

the British railways, with few ex- 
ceptions, are to be merged into four 
large groups by June, 1923, at latest. 
In eficct, this will enable the com- 
panies to secure the economies to be 
gained from a consolidation of their 
resource*, and at the same time leave 
sufficient competition to satisfy the 
public and ensure adequate ‘service. 

As I have previously intimated, it 
is my intention shortly to contribute 
a special article dealing with the 
Grouping of British Railways, so 
there is no need at the moment to 
deal further with it, except to add 
that India might well take a lesson 
from the experience of Great Britain, 
America, and many Continental 
countries, and think long and well 
before going out for direct State 
railway management, which has all 
the vices an 4 few of the virtues of 
controlled company management. 


The electrical operation of railway 
signals has already been adopted to 
a considerable extent at crowded 
junctions and other places where the 
traffic is dense. 
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Sugar Machinery (ii) 

(Conti lined from page 190) 


Following our introductory article in the previous issue of “ Industrial India,'’ 
we give below the first article dealing with the machinery used in a modern 
sugar mill. All the machinery illustrated in this article is manufactured 
by the well-known firm of sugar plant manufacturers, Messrs. Harvey Engin- 
eering Co. Ltd., of Glasgow, to whom wc are indebted for the. loan of blocks and 
drawings, and also for the data from which this article has been compiled. 


I N describing the above drill’s 
sugar machinery for a com- 
plete mill, we will follow the 
progress of the process through 
the mill from the arrival of the 
raw material. Two distinct processes 
are here described. The first is a 
brief description of the carbonatation 
process, and the second deals with the 
sulphitation process, but it will be 
noted that the latter stages of each 
process are exactly similar. 

The sugar canes are brought in 
from the cane fields to the factory by 
railway or bullock carts, and loaded 
to the cane carrier which feeds the 
mill (Fig. 1), where the juice is ex- 
pressed, passing through a multiple 
set of grinding rollers. The crushed 
cane or megass is conveyed to the 
furnaces for raising steam in the 
boilers, and in a well-balanced factory 
no outside fuel other than the crushed 


megass is required. The expressed 
juice from the mills containing the 
impurities of the cane is first of all 
treated with milk of lime, and goes 
direct to the first carbonatation tanks 
(Fig. 2). This, after being treated 
with carbonic acid gas and heal, 
which precipitates the impurities, is 
passed through filter presses (Fig. 3), 
where the solid impurities are separ- 
ated from the juice. The purer juice 
is now passed to the second carbona- 
tation tanks also (Fig. 2), and under- 
goes a similar process of treatment, 
and passes then to the second filter 
presses of similar construction to the 
first presses above described, but 
fewer in number. 

The clear juice at this stage is now 
passed direct to the triple or quad- 
ruple effet evaporator, where 75% 
of its volume is evaporated under 
vacuo at a low temperature, thus 


preventing discolouring of the juice. 
Fig. 4 shows an arrangement of a 
quadruple effet evaporator, with its 
condenser, dry slide valve air pump, 
torricellian column supporting con- 
denser, and all necessary fittings for 
a complete unit for evaporating the 
water as above noted from the clari- 
fied sugar cane juice. 

The Evaporator 

Fig. 5 shows in section the special 
features of the firm's evaporator. 

The advantages claimed for the 
Harvey evaporating apparatus are. 
complete and rapid circulation of the 
juice, combined with proper distribu- 
tion of the steam in the most effective 
manner for the heating of the juice ; 
this is arrived at by the proper pro- 
portion of the various vapour pipes 
connecting the vessels, also in the 
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form and position of tin* vapotu in- 
lets to calandrias. The main feature 
of tlie evaporator is two extra wide 
ownings, one at the top and one at 
the bottom of ealatidria, for the free 
admission of the vapour, combined 
with a division plate across the inside 
of the ealatidria, whereby a high 
velocity is obtained in the circulation, 
consequently giving a rapid rate of 
evaporation, and at the same time 
scouring the tubes and keeping them 
clean. The vacuum pumps are of 


large capacity. Calandrias are drained 
by special improved pumps, and by an 
arrangement of connections which are 
automatic and positive in their 
action, no trap being required, ex 
eept for the first vessel, whereby the 
calandrias are kept entirely free of 
all water. There is a special arrange- 
ment of pipes and cooks connected to 
main condenser, bv means of which 
gases of any density lodging in any 
part of the ealandrias are immediately 
drawn oil ; the accumulation of •such 


gases being one of the sources of 
interruption to the free distribution 
and circulation of the vapour or steam 
in the ealandrias. The usual back 
pressure, or exhaust steam, of 5 lb. 
per square inch, is ample to work 
the apparatus, which is automatic in 
its action, and owing to its extreme 
simplicity and moderate price, has 
given great satisfaction to sugar 
planters in all parts of the cane- 
gr 4 >\ving world, reducing the cost of 
labour and effecting a very great 
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Fig. 4. Kvaporator 

« 

saving in fuel. This evaporator movement by stir 
is well known in all cane sugar rci^, the object being 

countries, and is now at work in to further increase 

over 105 different sugar estates, and, the size of the crystals 

we understand, giving every satis- hrom the crystallizers 

faction. the massectiite is dis 


by centrifugal force the molasses is 
separated from the crystals, passing 
through the outer perforated drum. 
This molasses can be further treated 
in the vacuum pans, etc., and a 
further recovery of sugar of a lower 
grade made therefrom. The sugar is 
conveyed by means of an Archimedean 
screw to elevator, which raises the 
sugar into the upper floor of the sugar 
store. The sugar is then passed 
through the dryer (Fig. 0), where, by 
means of hot air, the last traces of 
moisture are driven off from the 



The concentrated syrup irotn the 
evaporator is treated with sulphurous 
acid gas to further improve its colour, 
and then passes to the vacuum paips 
(Fig. 0). The syrup is boiled under 
vacuo here also, and increased in 
density until crystals commence to t 
form, and are bifilt up under the 
careful handling of the operator, who 
has to be specially trained in this 
operation, until the crystals have 
formed to the size required. The pan 
is then stnfck or emptied, the con- 
tents of the pan falling by gravity 
into crystallizers underneath (Fig. 7). 
The massecuite is kept in gentle 


charged into the over 
head mixer of a 
range of centrifugals 
(Fig. #). 

The centrifugals 
consist of a series 
of baskets revolving 
at high speed, the 
periphery of which is 
perforated and lined 
with fine gauze. The 
massecuite, which is 
a mixture of sugar 
crystals and mo- 
lasses, is discharged 
into the basket, and 
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sugar, so that it can be crushed and 
pulverised to suit the Indian market, 
or packej in crystal form and trans- 
ported as may be required. 

A further process of making white 
plantation sugar for the Indian mar- 
ket is by means of sulphurous acid 
gas, or sulphitation process as it is 
commonly called. 

The juice from cane mill is limed 
and pumped into sulphitation tanks 
(big. 10). Sulphurous acid gas is 
generated in* specially constructed 
turn aces (big. 11), where air is passed 
over burning sulphur. The juice in 
the sulphiting tanks is treated by 
means of this sulphurous gas, and is 
then passed through a series 
of juice heaters (big. 12), 
where the temperature is 
raised beyond boiling point 
at atmospheric pressure. 
The juice at almost boiling 
point is run into tanks, 
where it is allowed to 
subside, and the clear liquor 
decanted off at the top 
and the dirty bottoms are 
taken away to be further 
subsided in the range of 
second subriders. The clear 
juice from the first and 
second subsiders is taken to 


Kill H Arrangement of Patent Belt-driven “ We* ton ” Centrifugal Machines 



FlA. 12 Horizontal Juice Heaters 
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I'lU 14. Double Curing Plant 

the triple or quadruple elTet evapora- 
tor, and thereafter the process is simi- 
lar to what is described above for 
making sugar on the carbonatation 
process, excepting that often double 
curing is used in combination with the 


sulphitation process. The double cur 
ing arrangement of centrifugals is 
shown in big. I I. The sugar crystals 
from the first machines . re mixed with 
pure syrup and formed into a magma, 
elevated to the mixer of a second 


row of centrifugals, and the molasses 
or syrup separated from the crystals 
in the baskets. By this means a 
whiter grade of crystals is obtained, 
suitable for direct consumption. 

[To he continued.) 
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Questions and Answers 


Railway Works, Rochdale ; Messrs. 
A. Ransome & Co. Ltd., (>2 Queen 
Victoria Street, I/mdon, K.C.4. # 

Ql’ESTIOS. 

To the Editor, “ Industrial India." 

Dkar Sir, — We want to go in for 
“ breaking down frame saw,” an 
illustration of which is given at Rig. 3, 
page 4(>6 of Industrial India, No. it, 
Vol. I, April, 1922 We would there- 
fore request you to give us the full 
address of the manufacturer of this 
machine. 

ANSWER 

Dkar Sirs,— -Replying to your cn~’ 
<[uiry addressed to our Bombay office, 
in which you aslj for the address of 
the manufacturers of the “ breaking 
down frame saw " referred to in No. 9, 
Vol. I of Industrial India, we have 
pleasure in stating that the full title 
and address of the makers of thi&saw 
is as follows : -Messrs. Thomas 


(Toni in lid from page 240) 

• . 

Robinson & Son Ltd., Railway 
Works, Rochdale. 

We have asked Messrs, 'flu anas 
Robinson & Son Ltd. to send you 
lull particulars of this machine, in 
nr<V*r to save time. 


QUESTION. 

To (he Editor, “ Industrial India." 

Iu “ Brick and Pottery 
Makinc.." 

Dear Sir, As we are interested in 
the Marlow tunnel kiln, referred to in 
the above-mentioned article, we shall 
be obliged if you ju^t let: us have full 
address where we can make enquiries 
as regards the price, etc., for a com- 
plete Marlow oven. 

ANSWER. 

Dear Sirs,-— Replying to V°ur en- 
quiry addressed to our Bombay office, 
in which you ask for the address of 
the makers of the Marlow oven, we 
have pleasure in stating that the full 


title and address of this linn is as 
follows : The Heart bente Pottery Co. 
Ltd., Swadlincote, Nr. Burton-on- 
Trent. 

In order to save time, we have 
written Messrs. The Hearthcote Pot- 
tery Co. Ltd., asking them to send 
you full particulars. 


In (neat Britain there has been a 
marked improvement in the six- 
wheeled motor vehicle, which is de- 
signed to carry heavy loads with a 
moderate weight on each axle. 
Another type of vehicle which has 
been broyght out in Great Britain 
for a somewhat similar purpose re- 
places the two steering wheels usually 
found on motor vehicles, with a set 
of four wheels. The extra pair of 
wheels is mounted on a second front 
axle, and so arranged that the steer- 
ing action of all four wheels is the 
same as if only two wheels were 
installed. % 
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QUESTIONS & ANSWERS 

We shall be pleased to answer any question relating to industry , to 
advise in the starting of any particular branch of manufacture , to^give 
expert advice on any power or power transmission problem, or to * 
render any assistance possible in solving mechanical or technical 
problems. /)// questions should be addressed to the Editor, London 


UESTION. 

o the Editor, " Industrial India." 

Re Modern Windmills. 

Dear Sir, — Could you kindly let 
me know the address of any firm iti 
Bombay or in America where I could 
get information about modern wind- 
mills ? • 

ANSWER. 

Dear Sir — Replying to your en- 
quiry addressed to our Bombay office, 
we have pleasure in sending you under 
separate cover to-day information 
which we have collected regarding 
“ Modern Windmills." 

This will enable you to get into 
direct touch with the makers for 
further information, but should you 
require any further assistance from 
ourselves, please let us know. 

QUESTION. 

To the Editor , “ Industrial India" 

Dear Sir, - I shall feel obliged by 
you letting me have the following in- 
formation : — 

(l) I have a 50 H.P. Blackstone oil 
engine. It will be required to 
drive four stone flour mills, one 
rice huller, and one oil expeller. 
What will be the best belt to 
purchase, and where from ? 

f2) As you are no doubt aware this 
town is noted for its brass- 
ware ; it is all beaten out by 
hand, which takes some con- 
siderable time. Would it he 
possible for me to purchase a 
kind of stamp that would 
stamp out such things as (a) 
brass tea trays measuring 10 
or 12 in. by 1 ft. 6 in. ; (b) 
brass plates out of which 
Mohammedans eat their meals; 

(c) brass cigarette trays (ash) ; 

(d) brass finger bowls ? These 
articles are made by the hun- 
dreds here, but far more could 
be turned out if the workmen 
wished to work harder, and 
from conversations I have had 
with some of the leading mer- 
chants, I understand they are 
in the hands of the workmen. 

I am the station master of this 
place, but take a very keen 
interest in the advancement of 
India generally, and ’it hurts 


me to fjge the waste that is 
taking place daily, just for the 
sake of a good power plant. 

(3) In April issue of Industrial 
India, page 457, you give an 
article on can making. Do 
you really think this would 
pay in this part of the country ? 

ANSWER. 

Dear Sir,— Replying to yours of 
the 25th June, in which you ask for 
certain information, we will deal with 
your questions in order. 

(1) Regarding the best belt for 
driving your four stone flour mills, 
etc., from 50 H.P. Blackstone oil 
engine, there are a very large number 
of different makes of belting at present 
on the market, any one of which 
would be suitable for your purpose, 
and in such a case you will readily 
understand that we cannot set our- 
selves up as judges under the circum- 
stances. To guide you in your de- 
cision, we would recommend you to 
our advertising pages, and we have, 
further, written to one of these firms, 
namely, Messrs. George Angus & Co. 
Ltd., 7 Bury Street, St. Mary Axe, 
London, K.C.3, whom, you will see, 
have their offices in different parts # of 
India, asking this firm to write you 
direct on the subject. We have made 
an exception in this case because we 
happen to know that one of their 
principals lias recently been making 
a personal study of the question of 
belt driving in India, and doubtless 
this firm will be able to give you some 
useful information on this point. 

(2) Your question regarding the 
machinery for pressing brass tea 
trays, etc., is one which has been 
raised by a number of correspondents, 
and in each case we have passed the 
inquiry on to three of the principal 
makers of this class of machinery, 
asking them to forward direct to our 
correspondent full particulars of the 
plant necessary' for the stamping of 
such articles as fbu mention. We 
have, therefore, passed your en- 
quiries to the following firms : — 
Messrs. J. Rhodes & Sons Ltd., 
Grove Ironworks, Wakefield ; Messrs. 
Taylor & Challen, Derwent Works, 
Birmingham , Messrs. E. W. Bliss & 
Co., Pocock Street, Blackfriars Road, 


London, S.K., asking them to be good 
enough to send you on this informa- 
tion. This will completely deal with 
your questions under this heading. 

(3) Regarding your third question, 
as to whether can making would really 
pay i» g India, this is, of course, a 
matter which must be considered 
taking into account particular local 
conditions, and in writing our article 
we could, of course, only write taking 
a broad point of view, and there is no 
doubt whatever in our minds that 
there must be a very good opening for 
the manufacture of tin cans in India. 
We are, however, looking into this 
particular point more closely, and if 
we are able to obtain any specific 
information on this point which we 
think would be of interest to you, we 
will have pleasure in sending it on a 
little later. 


QUESTION. 

To the Editor , “ Industrial India" 

Dear Sir, — We have read with 
interest the article in your February 
issue of Industrial India, on the 
subject of “ Simplified Flour Milling " 
(“ The Midget System "), and the 
other article in your April issue on 
the subject of “ Cutting of Forests 
with Machinery," and shall thank you 
if you - please give us the names and 
full addresses (or any literature on 
the subject) of its makers, or their 
Indian agents. We wonder what will 
be the cost of complete installations 
of these ? 

ANSWER. 

Dear Sirs,- -Replying to your en- 
quiry forwarded to us from our Bom- 
bay office, in which you ask for 
further particulars regarding the 
" Simplified Flour Milling " system 
and particulars of machinery for 
foresc timber felling, referred to in 
the February issue of Industrial 
India, we have asked the firms con- 
cerned to send y<fu full information 
direct as follows : — 

Simplified Flour ^Milling : Messrs, 
A. R. Tattersal & Co., 75 Mark 
Lane, Iyondon, E.C.3. 

Machinery for Forest Tree Felling : 
Messrs. T. Robinson & Son Ltd., 
(i Continued on page 24&.) 



Conducted by J. D. TROUP, M.I.Mech.E. & GEO. T. TAVENNER, A.I.E.E. 


THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


Low Temperature Carbonisation ( vi| ) 

# (THE ** MACLAURIN ” PROCESS) 

BY DAVID BROWNLIE 

B.S«?Hons. (Lond.), F.C.S., A M.I.Min K., Mem. Am. Soc. M.K., A.I.Meth.K , etc . 


T HE “ Maclaurin ” process of 
# low temperature carbonisa- 
tion is the work of Mr. 
Robert Maclaurin, and is 
controlled by Messrs. Mac- 
laurin Carbonisation Ltd., of Grange- 
mouth, Scotland. It differs from all 
other processes, inasmuch as there is 
no external heating of the retort or 
producer. The coal is carbonised by 
the combustion of a small part of the 
coal charge in the retort itself, which 
may be stated, very roughly, to be 
on the principle of a very tall, narrow 
beehive coke oven, with the tempera- 
ture under perfect control, and with 
the recovery of the whole of the 
valuable gaseous and volatile pro- 
ducts, the choking of the draught* 
caused by the installation of a re- 
coverv plant being compensated for 
by the addition of a mechanical 
forced draught air blast, This pro- # 
cess was the outcome of Maclaurin s 
early work on oils, and his correction 
— combined with Percy s statement 
that coals, when slowly heated, lose # 
their power of cohering -that coal 
should be carbonised gradually, in 
such a manner that the oils formed 
should be separated at once, and not 
allowed to trickle back into the hot 
zone and be decomposed. 

Maclaurin laid his scheme before 
the Smokeless Fuel Committee of the 
Glasgow Corporation and the City 
Electrical Engineer, and eventually 
work was undertaken in 1915 at 
Port Dundas Power Station, jointly 
by the Gas and Electricity Com- 
mittees of the Glasgow Corporation, 
a plant being put down under Mac- 
laurin's direction. •This plant was 
erected with two retorts, side by side, 
one more particularly for the pro- 
. duction of smokeless fuel and illumin- 
ating gas, and the other for ppwer 
gas, both with oil and ammonia re- 
covery. A large amount of valuable 
experiments work was carried out 
on this plant, but the war repeatedly 


hampered the operations, which were 
finally stopped on this account. 

It was definitely established, how- 
ever, that by the “ Maclaurin " pro- 
cess coal could be carbonised and 
converted into a smokeless fuel by the 
passage through it of 13,000— 20, 000 
cubic feet of hot power gas per ton 
much less than was generally be- 
lieved. The residual smokeless fuel 
contained 4 per cent, volatile matter, 
and was easily kindled and absolutely 
smokeless. The oils produced were 
very complicated in composition, the 
thermal value of the gas was lower 
than was expected, and the yield of 
ammonia was fairly good, with an 
absence of ferrocyanides and sulplio- 
cyanides, but containing complex 
trihydric phenols, and, finally, that 
the plant would work quite well even 
with coking coals without being 
jambed up. Two of the troubles ex- 
perfenoed, however, were that there 
was no market for the oil, because of 
its unusual and unknown composi- 
tion, and the fact that the smokeless 
fuel “ crackled M very badly when 
burning. It was subsequently dis- 
covered, however, that this latter 
objectionable property was due to 
the use of a water seal at the bottom 
of the retort, and when this was 
altered the trouble ceased. 

When the plant at Port Dundas was 
finally shut down, a small plant capable 
of carbonising 1 cwt. of coal per hour, 
was erected at Stirling, and much ex- 
perimental work was carried on with 
regard to the composition of the oils, 
whilst also a method was evolved of 
discharging the hot residual fuel from 
the retorts without the use of a water 
seal. Subsequently a site at Grange- 
mouth was secured, adjoining Scottish 
Dyes Ltd., one of the directors of the 
latter company being also a director of 
Messrs. Maclaurin Carbonisation Ltd., 
and a full-size plant erected, as illus- 
trated in Figs. 1 and 2, capable of 
carbonising 20 tons of coal a day. 


As seen in the illustrations, the fire- 
brick retort resembles an elongated 
producer or small blast furnace, the 
overall height being 40 feet — much 
higher than in any other process,— 
and the width at the zone of maximum 
combustion, the widest portion, being 
about 8 feet. The coal is fed in at 
the top, and the retort has all the 
advantages of the intermittent ver 
tical gas retort of the use of gravity 
in causing the coal to travel down- 
wards through the retort, and the 
consequent reduced amount of labour 
necessary. The residual fuel is ex- 
tracted as required from the bottom 
by a special extractor without the 
use of water, and an air blast, supplied 
by a small blower, is admitted at the 
zone of maximum combustion. Part 
of the fuel is burnt in this portion of 
the retort, the maximum temperature 
with usual working being about 1,290 
deg. F. (700 deg. C.). The hot gases 
and volatile products pass upwards 
through the descending fuel, so that 
there is a slow and gradual carbonisa 
tion, increasing as the charge descends 
to the hottest zone. The total time 
of travel through the retort is 20 
hours, the output being at the rate 
of nearlv 1 ton per hour. Ihe conse- 
quence is that the oils and volatile 
products driven off at each succeed- 
ing stage of the carbonisation pass 
upwards into a cooler zone, and are 
condensed in the top layers of prac- 
tically cold fuel, and the oils are 
trapped so that they cannot trickle 
back and pass off along with the 
gases through a horizontal outlet pipe 
near the top of the retort, as seen in 
Fig. 2. It is found in practice that 
this slow and gradual carbonisation 
avoids practically all trouble of stick- 
ing and jambing, except with very 
strongly coking coals. 

The Retort 

The “ Maclaurin " retort is claimed 
to be particularly adaptable both in 
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the method of working, and in the JgV 


variety of coals that can he carbon- 
ised. The air blast, can be regulated 
according to the results required. 
Thus with a moderate blast, a dark- 
coloured, smokeless, easily - ignited, 
household fuel is produced with 20, (MM) 
cubic feet of gas per ton, but with an 
increased blast and 110,000 10,000 

cubic feet of gas per ton, the residual 
fuel is a hard, silvery eoke, suitable 
for metallurgical purposes. The pro- 
cess can also be* changed easily to 
complete gasification A great, varied y 
of fuels can be carbonised, non-coking 
as well as coking and low grade and 
refuse fuels of the light size are stated 
to present little difficulty, even with 
.50 pel* cent. ash. 'file size of the coal 
carbonised can vary from small nuts to 
lumps S in. to 0 in. cube, but it is not 
so satisfactory with dross and line slack. 

Since all the heating is internal, the 
total heat losses in the “ Maelauiin " 
process are very small, consisting only 
of the radiation losses of the retort, 
the heat in the gases leaving the pro- 
ducer, and the hot residual hit*!. The 
walls of the producer are, however, 
very thick, and the radiation losses 
are very small, whilst the gases do 
not leave the top of the retort at 
much more than 140 to 175 deg. I'. 
((>0 to SO deg. C.) p which reduces the 
total heat losses to a minimum, whilst 
also minimising the subsequent work 
required by the coolers and scrubbers. 

As typical of the yield obtained by 
the “ Madam in ” process, we can 
take the case of a coal containing 
35 per cent, volatile matter and 7j 
per cent, water, with a heating value 
of 12,300 B.Tli.Vs., the figures being 
as follows foi a given method of work- 
ing. It is particularly difficult, how- 
ever, to give what may be termed 
true average figures, since not only 
is there great variation in the yields 
from coals of slightly different ele- 
mentary composition, but the air 
blast is very sensitive, and can be 
varied within line limits so as to 
alter the gas yield and consequently 
also the other products. 

Yuan i'Kom 1 Ton of Avj:kack Com.. 

(12.300 B.Th.U. 35% Volatile.) 

(1) 27,731 c ubic feet of gas at 247 B Th.V. 

per cubic foot. 

(2) 15.0 gallons oil of 10,000 

B.Th.U. 

(3) 151b sulphate of ammonia, and 

(4) 10. IHi cut. of smokeless fuel, as 

iollows : - 

la) 8.05 cut. large eoke (smokeless 
fuel), 12,000 B.Th.U. 

(b)’l.Ui cwt, smitliv char., 12,190 
' 13.Th.lJ. 

(r) 0.70 cwt. pens, 11,283 B Th.U. 

Id) 0.99 cwt. breeze or dust, 9,203 
B.Th.U. • 
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Arningetmnf of IMunt 

Taking now Ihc various products 
in older ; 

(1) (in s\ 'flic amount and com- 
position of tlu- gas obviously depends 
upon the method of working the blast, 
f or the pioduction of smokeless house- 
hold fuel the yield is usually 20,000 
to 25,000 cubic feet per toil of low 
grade power quality, say 200 to 250 
11. Th Vs. per cubic toot. The billow- 
ing is what may be termed a fair 
average composition of this quality 
of gas, taken over a 24-hour run : 

U(), (fill boil dioxide) ... H. 2% 

C„I I ... „ (illuminantsl nil 

CO (carbon nn>un\id< ) . 

Cl I, (nu-th.me) 13 M" (l 

(). (oxygen) ... ... ... u.ii",, 

1 1 , (hydrogen) ... ... lb. 1^,, 

N . (nitidgen) ... . . ft 1 

1 (rating value 217 U.Th l'. iyn»s-i 

The entire absence of hydiocarbons 
other than methane is very curious, 
and is due to the almost complete 
absence of cracking of the (41s during 
the process of carbonisation. The gas 
is easily scrubbed and cleaned, as it 
is almost entirely free from tarry 
material, and is very suitable tor 
power or heating purposes. 11 a low 
grade power gas only is required, 
with complete gasification and the 
separation only of the oils and 
ammonia, steam can be blown into 
the retort along with the air blast. 
The average composition of the gas 
of this nature is 12.1)%,. CO 2 , 0.9% 
O 2 , 0.2%,0„H ;11 ^5.() ( % CO, 10.0% 
CHi, and (>1.5'%N!>, with a 

heating value of 135 B.Th.U’s. per 
cubic foot. 

(2) Oil.— -The oil produced can be 
taken as 15-20 gallons to the ton, and 
remains the same with a given coal, 
irrespective of the method of working 
the air blast. The composition of the 



oil is most, peculiar. In the lirst place 
it is quite different from ordinary low 
temperature carbonisation oils, since 
it contains practically no light oils, 
due to the entire absence of cracking 
during carbonisation, which is charac- 
teristic of externally lived retorts. 
The oil is, however, a true low tem- 
perature product in the sense that it 
lias no naphthalene or anthracene. It 
is characteristic as containing a large 
percentage of phenols, the lighter 
distillates containing f>0% of eresols 
«md xyleiiols. There is also a large 
proportion of high-boiling point 445 
deg. to 570 deg. 1\ (230 deg. to 300 
deg. C.) phenols, whilst the distillate 
over 515 deg. F. (270 deg. C.) con- 
tains a considerable percentage of 
solid paraffins. The crude oil has a 
heating value of about 10,000 to 
17,000 B.Th.U’s. per lb., and is very 
Satisfactory as a fuel oil, whilst 
portions can be used as “ Diesel M 
oil, and also as lubricating oils. 

(3) Ammonia .- -■ -The yield of am- 
monia is difficult to state in terms of 
average figures, as apart from the 
constitution of the coal, the figure 
increases in proportion to the amount 
of the air blast. Thus when working 
the plant for hard coke, 24 lb. per 
ton can be obtained, but for ordinary 
low temperature working the figure 
is, say, 10 to 20 lb. It is character- 
istic also* of this process that the 
ammoniacal liquors are free from 
ferrocyanides anil sulphocyanides, but 
contain di- and tri-hydroxy phenols 
dissolved out from the large amounts 
of phenols in the (ar. 

(4) Smokeless Fuel. With a mod- 
erate blast for what may be termed 
normal low temperature working, the 
residual smokeless fuel contains about 
4% of volatile matter. It is as hard 
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as gasworks coke, but is black in 
colour aud not grey like coke, whilst 
it is much more easily ignited than 
gasworks coke, forming, therefore, an 
ideal household fuel. As with other 
low temperature fuels, the small per- 
centage of volatile matter does not 
prevent the easy ignition. Mr. Peter 
l'yfe, secretary of the Coal Smoke 
Abatement Society, found that the 
fuel kindled and came to full redness 
more quickly than coal, and it burns 
in ordinary household jfrates with a 
high emission of radiant heat. Also 
it has been found to be particularly 
suitable for steam generation, as 
extended trials in Glasgow have 
proved. As already stated, if the 
blast is worked at the tqp limit, the 
residual fuel is different in properties, 
and practically equal to metallurgical 
coke, being very hard, and, like coke, 
not suited for domestic use, if only 
because of its difficult ignition. A 
curious fact is that during carbonisa- 
tion any shale or stony material in 
the coal tends to separate irom the 
bulk, and on this account a smoke- 
less fuel is often obtained with no 
more ash than the original coal, a 
large portion of the mineral matter 
having been bodily separated or 
passed into the breeze. 

The “ Maelaurin ” process seems 
to be particularly interesting in con- 
nection with the utilisation of low* 
grade fuels, especially of an anthra- 
citic character, a very difficult propo- 
sition. Some typical results are given 
below with such varied material as 
canncloid low-grade fuel, refuse bi* 
tuminous coal, and anthracite refuse : 


Analysis of Pud. 

Moisture 

Volatile Matter 
Fixed Carbon 
Ash 


Yields obtained per ton. 

(1) Gas in cubic feet of 150 ILlh.l . 

(2) Oil (gallons) ... ... 

(3) Sulphate of ammonia (lb.) ... 

Calorific Kfficicney of test run 

• 

As regards the balance sheets of the 
process, Table I is a typical example 
with 1 ton of coal at 12,000 B.Th.IJ s. 
(26,880,000 B.Th.U’s. per ton). 

As regards the heat balance sheet, 
this is naturally very satisfactory, 
because of the internal heating, and 
it will be- noticed that the efficiency 
of the process from the original eoM is 


Yield 

* 

ll» 20.000 cubic feet of gas at 200 \\ lh IV 

1 2) 20 gallons oil (170.000 B Th 1’ 'per gallm 

13) 12 e\vt. residual smnkelevx fiu-1 ... 

(4) Ammonia, 24 lb. o 1 
la) la ss in process 


Table I 

2a,0SO,0OO 

03p\, 

20.SMO.OOO 

In the typical example given at the 
commencement of the aitiele, l ton 
of the coal tit 12.3(H) B.Th.U’s. con 
tains 27,552,000 B.Th.U's. The HUMS 
cwt. smokeless fuel contains, with the 
various qualities together, 24,147, (157 
B.Th.U’s., whilst the oil contains 
2,072,000 B.Th.U’s., and the gas 
0,810,537, making a total of 24, 1 47,057 

corresponding to an efficiency ol 
80.7",,, or a loss ot only 11.3",, ol the 
original heat of the coal. 

The value of the coal taken in the 
above balance sheet is 33/0 per ton, 
and the values taken throughout are 
based oil the residual smokeless fuel 
being equal in therm value to coal, 
the gas being equal to 0/2 per therm, 
and each therm in the oil as worth 
three times a therm in the coal, 
which, on present market prices ot 
coal and oil, is a fair assumption. 

The capital cost icquircd for a 
playt of 100 tons a day is approxi- 
mate!^ (20,000, and allowing 10% 


Caimeloid 

Bituminous 

\ 1 1 ♦ 1 1 r : i • it 

No. 1 

N ;; - 

N»» :i 

u 70 

.» 

1 22 

20.04 

10.02 

0.72 

* 23.52 

20 4M 

30 IS 

40 7 1 

.v* 2 s 

.vs 

100 00 

loo (Ml 

100 00 


Hi 707 00 240 0O.HOO 

2’».S 0.7 '-M> 

m.;» 17.0 lo.3 


HO. 7°,, MM",, 72"; 



Nature of Coal. , Percent a 

Steam 

Coking 

Non-coking 

Canned 


Table II 


Corresponding 

Yulue of 

B.Th.IJ 

Products. 

4.000,000 

0 K 

3.400,000 

12 0 

I 7 ,000.1 M Ml 

22 o 


2 0 

I.SOO.OOO 


20SSO.000 

4 3 r» 

for depreciation, 10" 

,, for repairs, 

stores, and running c 

! iniges, 5/- per 

ton for labour, togc 

ther with the 

33 4) pi l ton for coa 

1, the cost ])er 


ton would be as follows : 


C-al 

... 33/0 

Labour ... 


1 lepreciation mi plant ... 

1 j 4 

Maintenance and repairs 

14 

4L2 


1 u-iiig a ti t ,d cost ol 41 / 2, 

leaving a 

profit , t hi-rcfnn , of 2 3 per 

ton, since 

the revenue as already sb 

nled w’as 

13 5, corresponding to 1 f > J 

on the 

capital. 



The capital cost ol t lit “ Mac- 
hm i in " plant is low because of its 
extreme simplicity, whilst the de- 
preciation is also low because of the 
small area of highly heated brick- 
work As already stated, the labour 
charges are at a minimum because 
the retort is piaetically continuous, 
booking at it in another way, Mr. 
Maelaurin states that with coal at 
20/ , if the crude oil is taken as only 
worth 0'4 per gallon, and the am- 
monia id. per 11) , the gas aud the 
coke, without allowing for the breeze, 
would only have to letch 20/- per ton 
to make the process pay. If the gas 
was sold in competition with pro- 
ducer gas at 2-3 pence per therm, 
the smokeless fuel could then be sold 
at 15/-. Or, if the large clean coke 
onlv was sold at 28/- for furnace 
work, a fair value with coal at 20/-, 
then the gas could be sold at 1.24 
pence per therm. It is obvious, 
therefore, that, the whole process 
presents most valuable possibilities. 


i probable yield of oil ill 
ip volatile matter j gallons per ton of coal. 

20 2 ’>" 0-12 

30 -40" „ 12 10 

30-40" , Bk -24 

30 40":, 24-00 

(Coat iiyteii on page 272.) 
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The Manufacture of Shuttles 

A short article of much interest to the Textile Industry 


T lilv unlimited area of scope 
of production which the 
textile industry covers is 
indeed remarkable, and it 
would ituleed be a very 
difficult problem to define its limita- 
tions. The accessories necessary for 
the process of manufacture are in- 
numerable, and many industries rely 
on the textile industry, for without 
the latter their productions would not 
be necessary. From the engineering 
parts of power requisite to run a 
factory down to the simplest pro- 
duction in the shape* of picking sticks, 
reeds and healds, bobbins, shuttles, 
etc., there are a vast number of 
people employed to keep the factory 
in a state of efficiency. 

Shuttle-making is not by any means 
otic of the least important, for the 
steel-tipped cigar-cradle-like shuttle 
is the vital factor of the loom, the 
reciprocating medium for linking to- 
gether by traverse the warp and the 
weft. 

Going back to the earliest days, 
when the garret eight houses in 
Lancashire and Yorkshire used to be 
lit up for weaving purposes, the village 
joiner used to make the wooden looms, 
with their big, heavy gallow baulks, 
whilst at the present day shuttle pro- 
duction is one of the loom accessories. 
Wood as yet appears to be the base, 
or rather the portion, which forms the 
body of the shuttle, and it still re- 
mains in its cigar-like shape with the 
. $teel-tippcd ends. . 

Now. the wood from which shuttles 
tire made must b<lof a hard, tenacious 
kind, one that will assume a polished, 
firm surface, ahd a good resistance to 
collapsing, hence trees of the hardwood 
kind meet the purpose exceedingly 
well, also of not too large a girth, 
the smaller the girth and greater the 
tenacity. Not only that, but the 
wood must be in a proper seasoned 
state ; quick stove seasoning does not 
add to the life of shuttles, the ten- 
dency is to make the wood too 
brittle, the naturalness of the wood 
is destroyed. This method of season- 
ing wood cannot be too strongly con- 
demned in other industries where 
wood occupies a prominent feature. 

The making of the shuttle from the 
log, as it were, to the loom is very 


interesting. Like the bobbin in- 
dustry, the shuttle maker, as a general 
rule, buys the wood in its log state, 
not sawn up, from the timber 
merchant, as is often done in other 
industries. There is an advantage in 
this, for, as a rule, the hard w'oods 
used are of a costly kind, and it re- 
quires economic conversion to get 
the best out of a log, and who should 


know better the best way of con- 
version than the actual producers 
themselves. Incidentally, it may be 
noted conversion of a log means some- 
thing more than the cutting up into 
suitably pieces for making the shuttles, 
the twist and the curl of the grain 
must be watched, for on this depends, 
to a large extent, the life of the 
shuttle. t 
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The first operation in the making of 
a shuttle is to cut the pieces of wood 
into rectangular slabs, to give it the 
shuttle-maker’s trade term. These are 
pieces of wood of the Shape named, 
and longer than the length of the 
shuttle rouglily sawn square. The 
next is planing by machinery the 
slabs, getting the sides square to each 
other. This is very important, be- 
cause, in production, truth is every- 
thing, especially where mechanical 
principles are involved.* 

The next process is bodying, where 
the inside is rotated out by a series of 
circular cutters for the bobbin itself 
to fit in, and in this process the 
portion taken out leaves a surface 
almost as good as the outside. 

The n£xt process is tipping, and the 
tips themselves must be tempered to 
a certain degree of hardness not too 
dead hard and brittle, but such as to 
be in a state to give resistance to 
injury by the ever almost constant 
reciprocating action of the shuttle 
when in the loom. These tips should 
be in the centre of the shuttle when 
finished, and it will be noticed that 
there are many details and specialised 
processes for the cigar-shaped shuttle 
to pass through before it is ready for 
finishing. Of course, in woods like the 
box and cornel, there is admittedly 
little chance of the grain splintering 
in good material, so dead hard are tli# 
woods mentioned. A high finish is 
desirable, for anything which impedes 
the travel of the shuttle does not add 
to its efficiency. 

The loom itself has changed tre- 
mendously in many of the textile 
industries almost past recogftition. 


Cutting out the slabs 

'file same applies, in a much lesser 
degree, to the shuttle, but the first 
principles still form the base of pro- 
duction. 

Many shuttle firms also make the 
necessary picking-stick, the hand- 
maid of the shuttle. To the manu- 
facturer these small detailed parts 
of the machinery are vital factors to 
be watched. They are consumable 
during the process of production. The 
long living, as it were, of the shuttle, 
picking-sticks, bobbins, etc., lessen 
th% ultimate cost of production, hence 
it follows that the best finish, the best 


gives the best results, for, when all is 
said and done, shuttles probably cause 
the most wear and tear on the loom. 

As in all these so-called minor, but 
important, industries, the producers, 
as it were, improve their own ma- 
chines, which are known to each 
individual producer, and many in- 
teresting and often ingenious con- 
trivance helps to either get a better 
finish or lessen the time of production. 

In conclusion, it may be added 
British made shuttles have a high 
reputation. They stand for quality, 
and the shuttle maker well maintains 


produced, are the most reliable, and the tradition. 


Modern Grinding Wheels 

The following article describes the complete process of 
making modern abrasive wheels. We are indebted to 
The Universal Grinding Wheel Co. Lid., Stafford , for the 
. data supplied, and also for the loan of all photographs. 



O NK of the^ most important 
developments in Ivngineer- 
ing practice to-day is the 
ever increasing use of 
Abrasive Wheels. 

In reading about Grinding Wheels, 
the mind at ofice flies to the old Grind 
Stone, with an iron crank handle on 
which ddVnestic knives, etc., * are 


sharpened. • This must be entirely 
put away if a proper conception is to 
be arrived at of what a modern 
grinding wheel really is. In its 
modem application a grinding wheel 
is essentially a metal removing tool, 
that is to say that its invention has 
very largely displaced a lathe, milling 
machine, planing machine, a file or 


even a satv. True, it is still used 
as a sharpening medium, and in this 
line numerous quantities are used, 
especially for saws. Without the 
valuable aid of this tool many 
engineering operations in connection 
with the war would have been im- 
possible. All parts of guns, moving 
parts of motor cars, armour plate, etc., 
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require the hardest steel that can be 
produced, so hard are these parts 
that the only method of machining 
them is by means of hard abrasives 
bonded into a cutting wheel. These 
parts in many eases required to be 
finished to the ten thousandth part 
of an inch, and by the co-operation of 
the machine tool maker with the 
wheel maker in producing the grinding 
machine on which the wheel has to be 
operated this has become com- 
paratively simple. 

To economically produce these 
specialised articles in large quantities 
it was found that every kind of 
material and almost every different 
shape and size of a given material 
required a* specialised grinding wheel. 
Grinding and the manufacture of 
grinding wheels therefore, has become 
one of the most intricate of industrial 
sciences. It has been developed for 
the last 40 years in the U.S.A., to a 
very high degree of perfection. Some 
of the largest works have on their 
staffs Chemists, Physicists, Cerami- 
cists and well equipped Research 
Laboratories. 

The making of a grinding wheel 
depends largely on ceranfics and 
engineering, and it is England that is 
preminent in pottery knowledge, and 
it certainly lags behind no other in 
.engineering. It was, therefore, some- 
what discreditable that England 
should have left this large and 
essential industry to America. This, 
however, is no longer true, and im- 


portant works have recently been 
developed where research ic conducted 
and results obtained that give the 
lead to anything hitherto done in the 
United States. This is notably so at 
Stafford, whfcre the Universal Grinding 
Wheel Co. Ltd., have a works equipped 
with 19 ovens and providing work for 
about 700 people when fully employed. 

The British Fight 

A fight for the world’s trad? in 
grinding wheels, is, however, a some- 
what uphill one for the British 
manufacturer, in that American re- 
presentatives and publicity methods 
have had undisputed sway with 
engineers for the last 40 years. It *is 
hoped, however, to combat this by 
maintaining the excellence of the 
British article, and by taking full 
advantage of the fact that engineers 
everywhere know that Britishers do 
not export their goods until they are 
the best possible. 

Not only have British manufacturers 
succeeded in emulating American 
abrasive wheels, but they have re- 
cently perfected a range of sharpening 
stones such as are used in’ all sorts 
of hand operations, Ino re' particularly 
in agriculture. These stones are 
great labour savers, they are especially 
applicable to scythes and reaper 
knives. They owe their excellence 
largely to a deposit of very pure 
corundum, which is also found in the 
Empire, viz., in South Africa. 


The Manufacture of Vitrified 
Grinding Wheels 

Grinding Wheels according to their 
method of nvmufacture may be 
divided into two classes. 

(1) Those made by the Vitrified 

Processes. 

(2) Those made by one or other of 

the four or five processes 
known as the cold bonded 
processes. 

For the purpose of this article, we 
propose to deal with the first of these 
classes. 0 

Vitrifietl grinding wheels comprise 
at least 75 per cent, of the grinding 
wheels in use, and are continually 
replacing tho^e made by the older 
methods. It is still [the case, however, 
that for certain purposes, wheels 
made by one or other of the cold 
bonded methods arc necessary. 

For example — Grinding on 
Aluminium, Bevelling of Glass, and 
therefore very thin wheels have to be 
used. 

Grinding wheels may again be 
divided into three main classes, accord- 
ing to the purpose for which they are 
to be used. 

(1) Rough grinding wheels for uses 
such as fettling castings, and 
rough grinding manganese 
steel. 

12) Wheels for grinding tools by 
hand. 

(3) Precision wheels. 

It is this latter class (3) that calls 
for the greatest care and skill in 
manufacture. 

They have to be so produced that 
they can be relied on in the hands 
of semi-skilled or totally unskilled 
operators of the finest engineering 
parts, accurately to the 1/10,000 part 
of an inch. They have to be made in 
an ever occurring number of grits 
and hardness to suit the ever growing 
complexities and varieties of the 
materials they have to grind, and 
each must be accurately made for the 
purpose for which it is designed. 

For Class (1) Rough grinding wheels 
and Class (2) Tool grinding wheels, the 
accuracy demanded is not quite as 
great, but the processes of vitrifica- 
tion are essentially the same. 

Abrasive wheels consists of two 
parts, namely : — % 

(a) The abrasive which does the 

cutting or grinding. 

(b) The bond or matrix in which 

the abrasive is embedded, and 
*by which it is held, together. 

The abrasives used are various and 
are selected according to the ultimata 
purposes for which the wheel has to be 
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used. This again may be divided 
into two main classes. 

(1) Naturally occuring abrasives. 

(2) Artificial abrasives. 

Of the naturally occuring abrasives 
“ Emery ” is the oldest and the best 
known. It is a rock composed of an 
impure form of micro-crystalline 
alumina, the impurities in which are 
mainly oxide of iron, amounting to 
as high a figure as 40 per cent. " Its 
classic . locality is the island of 
Naxos in the iEgean Sea* There are 
also Emery mines or quarries in or 
near Smyrna, and some inferior 
varieties are found in parts of the 
United States of America. Emery is 
not often used alone in grinding, but 
is useful when mixed ,with other 
abrasives* to give a wheel durability, 
and this quality is especially useful 
in the grinding of manganese steel. 

“ Corundum " is the most im- 
portant naturally occuring abrasive. 
It occurs in two forms- the boulder 
micro-crystalline form and the 
crystalline form. It is found often in 
quite large crystals, the mineral 
crystalising in the hexagonal system. 
Chemically it is oxide of alumina in a 
high degree of purity, the impurities 
being mica and oxide of iron. The 
classic locality for corundum is the 
Craig Mine, Canada. This mine is 
now nearly worked out, and during 
the war the search for supplies of this, 
material was vigorously taken up by 
the Ministry of Munitions, and beds 
of it were discovered in various 
parts of the world. Notably in- the 
Transvaal in South Africa where it' 
lies in large quantities, in both the 
boulder and crystalline form. Some 
excellent corundum is also found in 
Madagascar. India also has several 
beds, but the Indian corundum has 
not been found suitable for the mak- 
ing of vitrified wheels. Corundum as 
an abrasive is used largely alone, and 
frequently in conjunction with other 
abrasives. It is especially useful in 
the grinding of steel tools, cutting 
fast and keeping comparatively cool. 
It is also the most satisfactory 
abrasive hitherto tried for grinding 
glass. Other naturally occuring 
abrasives such as garnet and quartz 
are not used in the manufacture of 
vitrified grinding wheels. 

Artificial Abrasives 

These again may be divided into 
two classes. 

(a) Those produced by fusing 

aluminous material. 

(b) Those produced by the intrica- 
* tion of carbon and silicon at a 

high temperature. 


To take the aluminous abrasives 
first. The Norton Company of 
Worcester, Mass., are the pioneers qi 
the artificial aluminous abrasive. 
Being dissatisfied with the results 
obtained from corundum and doubt- 
ful about the continuance of the 
supply they sought another source. 
Americans seem to ha\e started from 
a notion that the higher the alumina 
content of the corundum, the better 
its abrasive qualities. They therefore 
sought for a deposit of alumina as fine 
as possible, thinking that by purifying 
this and then fusing it, they would 
get the abrasive they wanted. The 
result has nearly justified this belief. 

Bauxite, the raw material for 
alumina, is what they worked on, and 
the resultant material which they call 
alundum is a very line product. The 
Bauxite is mined at Beau in France, 
is imported to America as calcined 
and then passed through large electric 
furnaces at Niagara, and then cheeked. 
Each cheek in large electric fans, 
weighing about 2\ tons. 

vScveral other firms besides the 
Norton Company produce artificial 
aluminous abrasives, calling the re- 
sultant abrasives by various names, 
such as aloxite, lionite, elect rite 
corundum, etc. This product of 
artificial aluminous abrasive has 
become quite a big industry, and 
is mainly centred about the Canadian 
side of the Niagara Falls, but Bauxite 
is also fused in France in the Pyrenees, 


in Norway, in Sweden, and even in 
Newcastlc-on-Tyne, and Airdrie, near 
Glasgow. There are also several 
other sources of supply for Bauxite 
besides Beau, large deposits occur- 
ing in Ireland, but although attempts 
have been made to produce abrasives 
from them (notably in Wolverhamp- 
ton), owing to their silica and iron 
content there has not been much 
success. Recently large deposits of 
Bauxite have been found in British 
Guiana, and this is the purest bauxite 
hitherto found. The Americans have 
already secured large concessions to 
work them, but during the war at the 
instigation of the Ministry of Muni- 
tions the British Govern incut refused 
to sanction any more concessions to 
foreigners, and are trying to get the 
matter taken up in this country. 
They believe that there is a great 
future in British Guiana for the 
abrasive and the alumina industry, 
British Guiana it is reported having 
better facilities for the development 
of water power than any other country 
in the world. 

Fused aluminous abrasives are 
specially useful for grinding all kinds 
of steel. In the United States of 
America corundum and other arti- 
ficial abrasives have been almost 
entirely superceded by these abrasives. 
This however may not be entirely due 
to their superiority, but to the fact 
that the corundum in the Craig Mine 
is 1 " worked out. 
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The second class of artificial 
abrasives are tjmse formed by the 
natural, fiction of carbon and silicon 
htglrteiiiperatiiu*. This material 
Mgthemical silicon, carbide (SiC) 
known by many trade names, 
but is familiarly known by the 
name of carborundum, and the 
materials necessary for its manufac- 
ture are coke of a very high carbon 
content and silica sand. These are 
put together arid mixed with a little 
salt and sawdust. The furnaces con- 
sist of a long heap of the raw material 
abafrt 20 ft. by 4 ft. by f> ft., supported 
at eaclr*end by permanent walls, at 
the sides by loose firebricks. Through 
the perinanent walls are heavy carbon 
electrolier and a cord of carbon is 
jRaced through the raw material 
from one side of the furnace to the 
other, thus connecting the elect rolls. 

A current of about 2,000 H.P. is 
used and the length of round is about 
86 hours. The* temperature obtained 
is something of the intensity of 2,000 
degrees. 

After the furnace has cooled down, 
the outer crust is removed and the 
crystaline carborundum, which forms 
in zones round the cord is removed 
and is then washed in an acid bath 
and an alkali bath, and then grated 
into sieves for the use of the wheel 
maker. 

During the war, owing to the 
difficulty in shipping, it became 
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necessary to consider the possibility 
of manufacture of silicon carbide in 
England. As carborundum is also 
required as a refractory for furnace 
running, this work was taken up 
by the Deeds Fireclay Co. After 
considerable experiments they were 
successful. The manufacture by them 
however has noUbeen proceeded with, 
as with the power changes obtaining 
it is not possible to compete with 
Niagara product. The Carborundum 
Co. at Niagara have a contract with 
the Niagara Falls Power Co., which 
gives them power at approximately 
1/10 of a penny per unit, it taking 
five units of electricity to produce 
1 lb. of carbo. 

Silicon Carbide, known by one or 
other of its trade names, is also 
produced in the Pyrenees, in Sweden, 
and Canada. The Norton Co. also 
have their own product, which they 
call Crystolon. 

Carborundun is the next hardest 
material known to Diamond. It is 
unquestionably the best substance 
available to-dav for grinding cast 
iron, and it is also used for grinding 
brass, and other metals of low tensile 
strength. 

The method of preparing the raw 
abrasive for the use of the wheel 
maker is as follows : The boulder or 
ingot, as the case may be, which 
weight two or three cwts. at least, is 
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placed on a steel plate on a thick 
concrete foundation, and a steel baU 
is hoisted* to a height of 40 ft. , by a 
crane, and froyi this height is let fall 
on to the ingot. The ingot does not 
always break the first time, but the 
crane is wound up again and again, 
until the ingot is broken into pieces 
small enough to be dealt with by an 
ordinary steel jaw crusher. From 
the jaw crusher the material passes 
to heavy steel rolls, which rolls are 
adjustable to crush fine or coarse as 
the ca>je may be. The material is 
then gnfded by passing over a series 
of sieves, which separates it into 
various sized particles, numbered 
according to the number of holes to 
the lineal 1 in. of the sieve through 
which each friction will just not 
pass. Thus a powder which will pass 
through a sieve having 40 meshes to 
the lineal inch, and will not pass 
through one having 46, is graded 46. 
It is this size 46 that is perhaps the 
most useful size in precision grinding. 
The finest fractions, finer than 250 
arc graded by an elutriatioii process, 
and are called 10 minute — 20 minute 
— or 30 minute powder, according to 
the time they take to settle in water. 
The highest class abrasives before 
being used aie passed first over an 
electric magnet of low potential to 
remove all particles of iron that may 
have been introduced during the 
crushing process, and the very best 
undergo a further magnetic process 
in a special machine made by the 
Rapid Magnetting Co., Birmingham, 
and they are passed through the fie'd 
of an electric magnet with a very high 
potential, this removes any iron im- 
purities and it is possible with this 
machine to remove Mica, if it contains 
enough iron to stain brown. To turn 
next to the second process of the 
wheel, that is the bond. This consists 
of Felspar and special highly plastic 
clays. This process requires the clay 
to be dry, and in a very fine .state of 
semi-division. To obtain this state of 
sub-division is not as easy as it 
sounds. Clay of high plasticity being 
not only very difficult to dry, but 
being very hygroscopic is very difficult 
to keep dry, when it is dry. 

Great Britain is one of the most 
wonderful countries, geologically 
speaking, in the world, and is lucky 
from a grinding wheel point of view 
to have clays of such multitudinous 
varieties available in the West of 
England, and it is all the more shame 
to have left the initiation develop- 
ment of this big industry, to the 
United States of America. 


.Testing Room, 
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A Corner of the Drying Room 


Before slartiwg the actual descrip- 
tion of the wheel making proper, it 
is important to keep in ryind what 
qualities we are to get in our ultimate 
product. First of all •it is necessary 
that all precision grinding whet Is 
must be in perfect, that is to say, it 
must be absolutely homogeneous, no 
one part must be denser than another. 
This is necessary for two reasons (1) 
If one part is denser than another 
the denser part will be harder, and 
therefore the wheel ift use will not 
wear round, but will readily become 
out of truth. (2) If the wheal is out 
of balance no matter how rigid the 
grinding machine on which it is used 
may be, owing to the high speed of 
operation up to (>,500 peripheral feet 
per mifiutc, chatter will be set up, 
which chatter will render accurate 
precision work very difficult. 

Regulating Hardness 

The next quality required is abso- 
lute hardness, that is to say that each 
wheel in a batch, and each successive 
batch of wheels that are designed to 
be the same hardness must actually 
be so. When once the correct hard- 
ness of wheel has been obtained for a 
particular job, it is very necessary 
that that exact hardness should be 
maintained. It is a common taunt of 
American Wheel Makers that British 
Wheel Makers sometimes make a 
good wheel, but that they cannot 
repeat the hardness. Whatever may 
have been the case in the past this is 
not true to-day. • 

Bearing in mind these two qualities 
of hardness and balance, we cbme to 
the actual processes (1) First, the 
abrasive, previously graded for si sc, 
is weighed out, and also the various 
clays, etc., forming the bond. It is 
by varying the proportion of the 
ingredients of the bond that it. is 
possible to vary the hardness of the 
final product, and it will be under- 
stood how important it is that this 
weighing should be done accurately, 
especially as the process is a long one, 
and a mistake made here cannot be 
discovered until the wheel reaches 
its last stage. To the various in- 
gredients thus weighed c*it is added 
water,, and the whole is mixed in 
what is known as a blunger to a mass 
resembling in its outward appearance 
and consistency thick porridge. After 
about one hour *in this machine the 
porridge is ready. It is then run into 
rough moulds, standing on paper on a 
plaster slab. The moulds are simply 
rings of Jtinned iron, very sin^lar to 
ordinary domestic cake tins. The 


siz.e of these rings should be 2 in. 
larger in diameter than the wheel 
will ultimately be, and the porridge 
should be poured to a depth of about 
l in. deeper than the thickness of the 
wheel. Thus a wheel that is to be 
12 in. diameter by 1 in. thick w ill be 
poured into a rim 14 in. diameter to 
a depth of 2 in. The plaster slabs 
carrying the rims containing the 
porridge are then rocked or shaken to 
rgnove air bubbles. Then these are 
taken to the drying room. The 
drying is a difficult process, great 
care having to be taken that the 
temperature of the room remains 
constant, and that one part does not 
become hotter than another, if this 
occurs, cracks appear in the wheels 
and they have to be scrapped. The 
temperature of the drying room is 
controlled by recording thermometers. 
The method of heating found most 
satisfactory is by high pressure hot 
water, the temperature required 
being about 100 degrees F. The 
embryo wheel or blank as it is called 
remains in this drying room for a 
period varying from three days to 
three weeks, according to the size 
of the wheels. Before this period 
elapses, however, it becomes hard 
enough for the rim, of the slab to be 
removed 

The blank is now turned on a 
horizontal table revolving on a vertical 
axis. In this stage the blank 14 in. 
by 2 in. referred to above is turned 
to 12 in by 1 in., leaving, however, 


about 1/52 part of an inch for the 
final stage after baking. The cutting 
tools used in this state ate made from 
old files, and their engineering angle 
is so arranged that they keep them- 
selves sharp. In this stage also are 
shaped the various cup wheels, saucer 
wheels, that the different grinding 
jobs demand. All the various in- 
tricate shapes are cut from a solid 
blank. The blanks in this stage • 
though brittle can be handled with 
comparative ease. After they are 
shaped the wheels are now more or 
less in their final dimensions, and they 
pass to the drying room once more to' 
ensure that all trace of moisture is 
removed before they are placed in 
the ovens or kilns. These kilns are of 
special construct it n, and have been 
developed as the Universal Co's. ex** r 
perience dictated, each new otic hav- 
ing had embodied in it our experi- 
ence of its predecessor. It is very 
essential that the temperature should* 
be the same all over, and that it 
should be possible to cool very slowly. 

They are round in shftpe and are 
worked on the down draft principle^ 
and are similar to a brick or potting 
oven. Tfiey are fired with a mixture . 
of coke and coal, and considering tha# 
no regenerative or continuous process 
is used in conjunction with them they 
are economical in fuel. At the 
Universal Co's works there are 19 of 
them, the largest holding about 14 
tom of wheels. The wheels are 
packed in san<j in built up fireclay 
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Shaping Hoorn for Small Wheels 


boxes arranged in rings similar to a 
pottery oven. The firing lasts from 
70 to 1(H) hours, according to the size 
of the kiln. After firing the kiln is 
sealed up, and if there aie big wheels 
inside, the cooling has to be as slow 
as possible. In some cases as much 
as three weeks elapses before the kiln 
can be opened. The firing is the most 
delicate of all the processes, and it is 
here, if the utmost precautions are 
not taken, that losses can occur. 
Not only must the rate of heating up 
and cooling down and the evenness 
of temperature be accurate, but also 
the nature of the products of com- 
bustion must be just what is required. 
The wheels on being taken from the 
kiln have the loosely adhering sand 
rubbed off, arc checked and inspected, 
every wheel being held up and rung 
with a hammer, before being passed 
on to the next stage, from which the 
majority of the wheels go to the 
trueing up shop. This trueing is more 
of an engineering job than any other 
in the factory. The machines in this 
shop are all of the Company’s own 
design, and are made in their own tool 
room. The wheel to be trued up is 
mounted on a face plate of a bedless 
lathe, which face plate is mounted on 
a head stock, running on special dust 
proof bearings. Before fitting these 
special bearings, rebushing was 
necessary about every three weeks. 
It will be understood that in spite of 
dust extraction plant there must be, 
and there is, abrasive dust every- 


where. Abrasive dust and moving 
machinery do not agree. Now it is 
possible to run the machines at least 
two years without adjustment. The 
cutting or dressing tool is mounted on 
an upsidedown compound slide. By 
having this slide upsidedown ensures 
that the thread of the traverse is 
always covered up, and this relieves 
the wear caused by the abrasive dust. 
The lathe headstock and the last 
mentioned compound slidc^ gre 
mounted on separate box castings. 
The cutting tool itself has been the 
subject of many experiments and the 
company now have a satisfactory tool. 
It consists essentially of a cone shaped 
cutter about 2\ in. diameter made of 
special steel produced by Jesscfp’s. 
This cutter is mounted on a steel 
spindle $ in. diameter, which re- 
volves on double thrust ball bearings 
carried in a dust proof iron box. The 
operation of trueing up is as follows. 
The wheel to be trued up is mounted 
on the face plate on a self centreing 
chuck. It is revolved on the above 
described cutter, and this is traversed 
across the face of wheel, and being 
free to move the cutter revolves at a 
high speed, being caused to do so by 
the revolving grinding wheel, with 
which it is brought in contact. The 
cutter is set to meet the wheel at an 
angle of about 15 degrees, and a cut 
can be taken up to J in. The wheel is 
similarly trued up on its periphery, 
but for this portion of the operation 
is mounted on a mandrill. On the 


same machine large holes are bored 
out and recesses are cut, taper cut 
wheels, etc., being trued up all over. 
For some operations diamonds have 
to be used, but naturally the company 
limit the use of diamonds as much as 
possible. They have to be used, 
however, for the finishing of the 
cutting faces for dishes, etc., and for 
finishing gauge grinding wheels, and 
special wheels made for cutting glass. 
Not all the wheels are trued up, it 
being possible to finish completely 
some wheels in the earlier shaping 
process's. The Universal Co. are 
always trying to extend the varieties 
of wheels which can be finished in this 
way owing to the saving in cost. One 
of the difficulties, however, that they 
have to overcome is the liability that 
these articles have to warping in the 
kiln. 

After leaving the trueing shop the 

wheels that have to be lead bushed, 

are placed in a. self centreing chuck, in 

the centre of which is a spindle of 

approximate diameter SOOOth’s bigger 

than the required hole. Lead is then 

poured round this to fill up the space 

between such spindle and the edge 

of the hole in the wheel. There is a 

diversity of opinion among grinding 

wheel users as to whether the hole in 

the wheel is better leaded or not 

leaded. 

< 


Testing 

Generally, however, the more usual 
practice is to lead holes of under 5in. 
and not lead holes of over 5 in. After 
leading, every wheel over 5 in. in 
diameter is given a special safety 
test. This safety test consists of 
mounting it on a spindle inside a 
mild steel casing, and revolving it at 
a speed of at least 0,000 surface feet 
per minute for two minutes. This 
gives a considerable safety factor, 
because the grinding speed of the 
wheel is from 4,000 to (3,000 feet. 

As a matter of fact grinding wheels 
made by the method described will 
stand a much higher speed and the 
company frequently test them at 
anything up to 16,000 ft., as the 
testing machine happens to be set. 
.It may be taken to-day as 'almost 
certain that if a grinding wheel made 
by a reputable firm breaks in use there 
is some other cause Jor it than in the 
construction of the wheel. The most 
commpn cause for a breakage is the 
getting of the tool that is to be ground 
caught between the rest and the wheeb 

(Continued on page 267.) 
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Notable , Exhibits at the International Foundry 
* Trades’ Exhibition, Birmingham 


O RGANISED by the Birming- 
ham Chamber of Commerce, 
in conjunction with the In- 
stitution of British Foun- 
dry men a»d the British 
Cast Iron Research Association, the 
recent exhibition of foundry ap- 
pliances and products proved an 
unqualified success. The exhibits 
covered the whole range of foundry 
work. Moulding machines from the 
simplest type to those of great size 
and complexity, were naturally very 
much in evidence, whilst cupolas, 
ladles, riddling machines, sand mixers, 
pattern and pattern making machin- 
ery, castings, grinding machines, 
crucibles, fire bricks, pig-iron, and all 
the other necessary appliances and 
materials were well displayed. 

The Morgan Crucible Co. Ltd . ex- 
hibited a new range of crucibles, for 
which they claim definite melting 
economies. A crucible of 2,000 lb. 
capacity sheltering its offspring, the 
capacity of which is only a few ounces, 
demonstrated the excellent variety 
of sizes in which these crucibles ^rc 
produced. As is well known, the cost 
of crucible melting depends on the 



Morgan Patent Tilting Furnace. Type A 


A new range, of Morgan Crucibles 



time, with 20 per 
cent, less fuel and 
20 per cent, longer 
life than the stand- 
ard crucible em- 
ployed to-day. 

This is illustrated 
by two crucibles 
marked respectively 
“ A ” and “ B.” 

In pot u A ” it is 
possible to melt 
160 lb. off; brass 
with 40 lb. coke in 
one hour. 

In pot “ B ” (the 
crucible of yester- 
day), 60 lb. coke 
and 1J hours are 
required for the 
same quantity and 


amount of fuel consumed, the rate of 
melting, and the life of the crucible, 
but a new process has rendered it 
possible fof Morgans to produce a 
crucible which will melt a given 
Charge <Jf metal in 20 per cefit. less 


type of metal. 

Among the many other interesting 
exhibits on this stand is a series of hot 
plates, called “ resisters, ” which can 
be maintained at any desired tempera- 
ture up to 1,360 deg. C. They are of 
refractory material, with a glazed 


surface, those shown being about 2 ft. 
long by l ft. wide, and about an inch 
thick. A ziz-zag layer of carbon is 
incorporated in the surface, and is 
fitted with terminals into which a 
flexible electric conductor can be 
plugged. The temperature of the 
plates is perfectly uniform except 
round the extreme edges, and of course 
remains unchanged so long as the 
current is kept on. For temperatures 
below a red heat the life of these 
“ resisters ” is said to be indefinite, 
and even at much higher temperatures 
it is very long, as there is no possibility 
of the carbonaceous layer becoming 
detached from the base. For house- 
hold and laboratory purposes they 
have numerous obvious uses, and they 
should ffrid a large field for employ- 
ment in the manufacture of ovens, 
furnaces and other apparatus, as they 
seem thoroughly sound mechanical 
devices. The Morgan Crucible Com- 
pany also show one of their well- 
known tilting furnaces, as well as an 
electric furnace for non-ferrous metals. 
In this the current flows through re- 



INDIA 


f~JN D U^S T R 


4m 

I A L 



Another view of the Morgan Putent Type A Tilting Furnace 


is of th£ multi- 
blade type, con- 
structed of sheet 
steel and bal- 
anced on a 
ground mild steel 
shaft running on 
ball bearings car- 
ried in dust- 
proof housings, 
and lubrication 
by grease cups. 
The machine 
exhibited is ar- 
ranged for belt 
drive, but can be 
readily adapted 
for direct motor 
drive. In the case 
of the smaller 
motor-driven 
machines, the 
motor is carried 
on a substantial 
cast-iron stool, 


and the fan; runner mounted on the 
end of the motor shaft ; for the larger 
sizes the, drive is effected through a 
rubber-bushed flexible coupling. 

Alternatively, a Roots blower can be 
used for supplying the blast required 
by the cupola. The cylinder is con- 
structed of cast-iron, ribbed where 
necessary. The flanges, revolvers, 
etc., are all carefully machined, and 
the gear wheels machine cut from 
solid blanks. The cast-iron covers in 
which these gears are encased form an 
oil bath. Particular attention has 
been pfvjd to the bearings, which are 
in the form of heavy gun-metal sleeves 
of the cone type, with an adjusting 
nut for taking up wear. These ma- 
chines can lx? adapted for drive by 
electric motor or steam engine. In 
that case the bedplate is extended to 
carry the motor or engine, and the 
drive effected through reducing gear 
or coupling, as required. 

The sand mill is strongly made of 


sistances material incorporated in the 
walls of the furnace, the electrodes 
being heavy bronze rings surrounding 
the furnace at the top and bottom. 

Messrs All days & Onions Ltd. were 
making a special feature of their im- 
proved “ Climax ” rapid cupola, cap- 
able of melting from one to two tons 
of metal per hour, fitted with spark 
arrester and drop bottom, complete 
with staging and hand-operated hoist. 
A feature of this exhibit is its sub- 
stantial construction, the cupola shell 
being built of mild steel plates riveted 
together with lap joints. Care has also 
been taken in strengthening the 
bottom ring, charge hole, and fettling 
hole. A hinged steel door is fitted to 
the charge hole ; the fettling hole pro- 
vided with loose mild steel door 
having cross bar and fittings. The air 
bolt is of ample dimensions, fitted 
with the usual elbow pipes and wing 
valves for blast. Opposite each 
tuyere, mica sight hole and door are 
provided. The tuyeres are bolted to 
the inside of the shell, thus excluding 
the possibility of blast leakage be- 
tween the lining and the shell. The 
cupola is carried on heavy cast-iron 
pillars. The drop bottom consists of 
hinged doors provided with draw-bar 
and fittings. A receiver, connected 
to the shell by an iron casting lined 
with firebrick, can be fitted if required. 

The fan recommended for use with 
the above cupola is Messrs. Alldays & 
Onions’ well-known and highly effi- 
cient Duplex fan. It is built of sub- 
stantial cast-iron volute casing, with 
all joints machined. ,The fan runner 
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Alldays & Onions Kmplre Sand Mixer and Disintegrator 


cast iron, fitted with fast and loose 
pulleys, self-delivering fixed pan, and 
is actuated through gearing under- 
neath the pan. The bearings are of 
generous proportions, and special at- 
tention has been given to the rolls and 
other wearing parts. 

The steel shaking or tumbling 
barrel exhibited is especially suitable 
for cleaning light eastings. It is con- 


cuperative principle, as illustration, 
was the chief exhibit, as to put down 
a crucible furnace would have neces- 
sitated excavating the ground floor of 
the exhibition. 

The following table gives a com- 
parison of fuel costs of this furnace, 
compared with those mostly in use in 
Kn gland : — 

Town gas furnace : 4,000 cu. ft. (low 


The llermansen new ty|>e of 
light Forging Furnace 


Open forge : J ton foundry coke at 
50/- per ton, 25/-. 

Ordinary oil-lired furnace *. 121 per 
cent, of weight of fuel oil, at £5 per 
ton delivered, 12/6. 

" llermansen ” recuperative fur- 
nace : 2 cwt. coal at 30/- per ton, 
3/-. 

These figures speak for themselves, 
and are a feature which no doubt 
engineering works will appreciate 
when they get acquainted with them. 

This forging furnace is of quite 
recent design, and, ns can be readily 
seen, a small gas producer is arranged 


structed in g- in. steel plates, welded, 
provided with open and close lid and 
fasteners, trunnions, and is mounted 
upon cast-iron A standards. Equip- 
ment includes fast and loose pulleys. 

Specimens of Alldays & Onions’ 
world-famous moulders’ bellows, fitted 
with valve protectors and ordinary 
or neats leather, are on the stand, and 
maintain their foremost position for 
quality. 

The remaining items on Alldays & 
Onions’ stand comprise a double- 
cased, gas-fired core oven constructed 
of steel sheets and channels, packed 
throughout with a 2 in. thickness of 
non-conducting material, and pro- 
vided with a pair of double-cased 
hinged doors. Ovens of the single- 
cased or treble-cased types,’ either 
solid fuel fired or oil-firdd, can be 
supplied. 

The firm also have on exhibition* 
ladles, single and double-handled, and 
for use with a crane. 

The Hcrmanseri Patent Recuperative 
Furnaces were a continual source of 
attraction, and it was reported that 
excellent business was being done. 
The new type of light forging furnace, 
designed on the semi-gas fired re- 


figure) at 4/- 1,000 cu. ft., 10/-. in the centre, with recuperator on 

either side. An 



Hermans en r urging rurnaca instance in ncaiuunavisn Wonts 


excellent feature 
is that it can be 
started up from 
lukewarm in 
about twenty 
minutes. 

The “Herman- 
sen” forging fur* 
naee shown in 
the illustration 
was installed in 
a Scandinavian 
works, and has 
proved so satis- 
factory that the 
firm has ordered 
five more. 

In this partic- 
ular case the fur- 
nace is actually 
run on wood 
shavings, with 
which a suffic- 
iently high tem- 
perature may be 
obtained for drop 
forgings. With 
a small modifica- 
tion, the same 
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furnace can be altered to a dosed 
muffle for annealing and tempering. 

Messrs. Hermansen also supply 
various types of melting furnaces, 
core ovens, and malleable iron anneal- 
ing furnaces. 

The Construction^' Engineering Co., 
in addition to making an excellent 
display on their stand, were called 
upon by the Exhibition authorities to 
equip their modern foundry. The 
No. 3 cupola has a melting capacity 
of 2 to 3 tons of metal per hour, com- 
plete with spark arrester, staging 
(12 ft. by 10 ft.), and direct coupled 
fan and motor,, and electric hoist 
operated by electric winch. This 
plant is complete, and self-contained, 
and carries Wood's patent improve- 
ments. 

Considerable interest was centred 
on a Wood's patent belted cupolctte. 
with a melting capacity of 3f> cwt. of 
metal per hour, and suitable for grey 
iron, malleable iron, or semi-steel. 
The cupolctte is fitted with direct- 
coupled fan and motor, mounted in 
staging, and complete with hoist 
operated by winch of special design. 
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The hydraulic pig iron breaker, 
fitted with hand-operated pump, is 
suitable for breaking any grade of 
pfg iron, and, being a small and in- 
expensive plant, must effect economy 
in any foundry. Amongst the show 
of ladles, the 20 cwt. capacity steel 
bottom pouring ladle, with patent 
pressed steel bow, and improved gear- 
ing and bottonf pouring arrangement, 
calls for special commendation. We 
were also interested in the new 
pressure volume indicator, which is 
absolutely efficient for indicating the 
volume and pressure of blast supply. 

Messrs. Wadkin & Co. were demon- 
strating their well-known pattern- 
making machine, and had a most 
representative exhibit of wood-work- 
ing machinery for the pattern shop. 
The pattern-maker’s lathe has a par- 
ticularly useful feature, as the spindle 
extends behind the headstoek, thus 
enabling the work to be turned at the 
end of tin lathe, which could not be 
carried over the bed. The latest de- 
sign of surfacing and thicknessing 
machine was a continual source of 
interest. The surfacing table is 
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0 ft. 1 in. long overall, and, as it is 
scraped dead true, it is possible to 
make perfect glued joints, in spite 
of the * very large surface. The 
machine will# surface 26 inches wide. 
The thicknessing table is 3 ft. 9 in. 
long, and is fitted with anti-friction 
rollers and carrying rollers for long 
work. It can be raised and lowered 
0 inches by means of a hand wheel. 
The cutter block is of the two-knife 
safety circular type, and can be fitted 
with either plain or moulding cutters. 
The power-feed rollers are of steel, 
and driven by a heavy sprocket chain. 
This permits the rise and fall of the 
rollers, due to the different thicknesses 
of cut. Three rates of feed are pro- 
vided, 40 ft., 30 ft., and 20 ft. 
per minute, and the operator can 
change the speed by giving a partial 
turn to the hand wheel in front of the 
machine. Rebating, moulding, 
tongueing and grooving, bevelling 
and mitreing, shaping newels and 
panel raising, all come within the 
capacity of this machine, thus render- 
ing it almost indispensable in the 
wood -workers’ shop. 


Ku-ctro-Peposition op Iron— 
By W. K. Hughes, B.A., (Cantab.) 
The Department of Scientific and 
Industrial Research Bulletin, No. 
6. Post free. Price 6s. SJd., to be 
obtained from 1I.M. Stationery 
Office, Imperial House, Kingsway, 
London, W.C.2. 

This volume which is profusely 
illustrated with micro-photographs of 
the deposits, resulting from a very 
large number of experiments made 
under different conditions, embodies 
the research work of Mr. Hughes, and 
the contents are well illustrated by 
the fodowing extracts from the 
introduction of the Bulletin. 

This report includes, as Division I, 
simple descriptions of the structures 
of a number of samples of iron, 
electro-deposited from the chloride of 
iron solution. The purpose is to 
' show how the three factors of deposi- 
>' tion, namely, (1) temperature; (2) 
current density ; and (3) movement 
(of cathode or electrolyte), affect the 
structure of the iron deposited from 
the chloride bath. Incidentally, the 
micrographs disclose variations of 
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structure produced by volume of 
solution concentration currents and 
some other factors. • 

Although the deposits considered 
were formed in the chloride of iron 
solution, there is, it may be said, 
experimental evidence to show that 
the conclusions drawn from the 
structures of deposits built up in that 
bath may be extended to those 
formed in other solutions. This 
point is touched on in Division II, 
and, further, some evidence is adduced 
there to show that extension may be 
made not only to deposits formed in 
different solutions (solutions of 
different salts, that is), of the same 
metal, but also to deposits of different 
metals. Indeed, a principal purpose 
of Division II., is to show that, in 
general, this is the rational conclusion 
of the concentrfftion hypothesis out- 
lined in that Division, and based on 
the assumption that the crystallisa- 
tion of electro-deposited metal is, 
essentially, in no way different from 
crystallisation from rock magmas, 
molten metals, or salt solutions. In 
section III. of Division II,, the im- 




portance of the study of the structure 
<*f deposited metal to electro-deposi- 
tion in the workship is briefly pointed 
out. • 

It may be mentioned that the 
quthor has made a critical survey of 
such part of the literature upon the 
electro-deposition of iron as appears 
to him of use or importance to those 
about to undertake work on that 
subject. It has, however, been 
considered that that review would be 
published most appropiately else- 
where, and it has not, therefore, been 
included in this report. The papers 
and researches referied to are, 
however, detailed (in an Appendix 
in this .Bulletin), together with others 
on the prqperties of electrolytic iron, 
in a classification intended to indicate 
.the general subject matter of each, 
and, thereby, to facilitate the literary 
labour required to be done by one 
who undertakes research, for this 
purpose or that, on electrolytic iron. 
Patent specifications are J# for the most 
part, excluded ; only such as appear 
to the author to contain subject 
matter of real value are noted. 
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THIS SECTION DEALS WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF TflE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Welfare Superintendents and their Training 

• a 

BY GLADYS M. BROUGHTON 

# • Adviser to the Government of India, Department of Industries 


T HE necessity of improving 
the conditions of employ- 
ment is generally recognised 
throughout the civilised 
world to-day. Not only 
are the various countries each en- 
gaged in considering measures for 
ameliorating the lot of their workers, 
but the subject forms the agenda of 
the annual International Labour Con- 
ferences of the League of Nations. 
Members of that organisation are 
required to endeavour to secure and 
maintain fair and humane conditions 
of labour for men, women and child- 
ren not only in their own country, but 
also in all countries to which their 
commercial and industrial relations 
extend. Each country is now tio 
longer left to work out its own salva- 
tion in solitary isolation, butTias to 
share its experience, its aims and 
aspirations, with others. Thus meas- 
ures that have been found useful in 
one country are made public, so that 
other countries may adopt them to 
their own requirements. The welfare 
movement may be regarded both as 
an expression of the justice of this 
claim on the part of labour to be 
accorded fair «and humane treatment, 
and as an attempt to achieve this 
end. This movement embraces many 
diverse activities, but in this paper I 
shall deal only with the subject of 
welfare superintendents, * the work 
that might be entrusted to them in 
the factory, and the training needed’ 
. to enable them to undertake such 
* responsibilities. 

All enlightened' employers recognise 
their responsibility for the well-being 
of their employees during vtorking 
hours. They endeavour to supply 
good working conditions, reasonable 
v wages, ,and insist upon the worsts 


being treated with consideration and 
justice. As it is not possible, how- 
ever, for an employer to undertake 
all these duties himself, he must 
necessarily allocate them among 
the various members of his stall. 
Where factories are large, it is cus- 
tomary to make one official chiefly 
responsible for supplying the personal 
touch between the workers and the 
management. Such a person is some- 
times called a welfare superintendent 
or an employment supervisor. He is 
frequently given the duty of engaging 
all the employees, and of keeping all 
personal records relating to them. 
After a man has been engaged, the 
welfare superintendent is kept in- 
formed of the progress made by the 
employee, and if he has selected an 
unsuitable man lie has the duty of 
dismissing him. In this way he or 
she gradually acquires a good working 
knowledge of the type of man or 
woman who is likely to be satis- 
factory in the different branches of 
the work. It also enables him to 
smooth over the initial difficulties 
that are bound to arise when a new 
employee enters as a stranger into a 
large organisation. 

Besides thus getting a knowledge 
of the working conditions, the welfare 
superintendent is frequently made 
responsible for seeing that the pro- 
vision made for meals and for drink- 
ing water, is satisfactory. In some 
mills in India separate sheds are 
erected outside the works, where 
employees can enjoy their midday 
meal and rest away from the noise 
and dirt of the factory. Various de- 
tails have to be dealt with in con- 
nection with such a place. Employees 
may be glad to have facilities for 
buying fruit and sweets, etc. ; they 


will want to observe their caste rules 
while having their meals ; they will 
need provision for washing before and 
after eating. All such matters will 
necessarily be brought before a wel- 
fare superintendent. He will either 
deal with them direct or refer them 
to the management, where expendi- 
ture is involved. Similarly with re- 
gard to drinking water, the various 
castes will have to be dealt with 
sympathetically, and their require- 
ments for separate' arrangements sup- 
plied. 

The supervision of the general sani- 
tary conditions of the factory also 
usually falls to the lot of a welfare 
supervisor, and in most factories he 
can do a great deal to improve the 
sanitary arrangements, and to see 
that the health of employees is not 
injured by being required to work in 
unswept and dirty places. 

Again, as in most factories accidents 
are liable to occur, an employment 
superintendent will bring to the notice 
of the management the need of a dis- 
pensary and proper equipment. In 
large factories in India, one frequently 
finds that not only is there a dis- 
pensary, but that it is in charge of a 
qualified medical man. Where women 
are employed, it is desirable to have a 
medical woman to attend to them. 
A few factories have appointed a 
woman doctor for this purpose, and 
much benefit has resulted. 

Time-keeping is often a subject re- 
quiring much attention. Employees 
do not always realise how their work 
is an integral part of the entire work 
of a factory, and how the absence of 
even one man sometimes throws the 
whole machine out of gear. If this 
were explained to them in a proper 
manner, they v would probably not 
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stay away so frequently for trivial 
reasons. Or again, the workers may 
be confronted with difficulties which 
it is not possible for them to over- 
come unaided by the factory authori- 
ties. Thus, for instance, transit 
facilities may be quite inadequate. 
If the employment superintendent 
makes a study of this question, he 
may frequently be able to offer valu- 
able suggestions to the management. 
He may find that in certain depart- 
ments the time-keeping is much 
worse than in others. This may 
lead to an enquiry into the working 
conditions, and .the cause of bad 
time-keeping may be found to arise 
from the unhealthy nature of the 
work or from excessive overtime, or 
from some other cause which may be 
quite unknown to the management, 
but which, when known, may easily 
be removed. Or again, the men may 
not always understand how their 
wages have been calculated, or there 
may be some fault in the machine 
which prevents them from earning 
as much as possible. They can dis- 
cuss these matters with their welfare 
superintendent, who will bring them 
to the notice of the persons concerned. 

It is, of course, desirable that the 
employees should themselves be in a 
position to bring their wishes and 
suggestions and grievances to the 
notice of the management, but in the 
majority of factories they can only do 
so by forcible methods, such as a 
strike. Where works committees are 
organised, the employees hive a 
direct method of access. The welfare 
superintendent is, in such cases, a 
member of the committee, and may 
even act as secretary. He can teach 
the members how such a committee 
should be run, and can frequently 
get them to lay aside minor grievances, 
and can explain away many mis- 
understandings. 


The Manager 

The ultimate responsibility for the 
work in a factory, however, rests 
with the manager. In large factories 
he may depute some of his duties to 
one or more official*,, but lie must 
always be the man to whom all will 
look for inspiration, and tef whom the 
ultimate appeal will be made. It is 
true that the manager himself fre- 
quently cannot decide big questions of 
policy, and cannot authorise heavy 
expenditure. But if he is sym- 
pathetic and succeeds in keeping a 
contented labour force under him, 
his suggestions and recommendations 
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for ameliorative measures will be 
accepted by the firm. 

.The various measures by which 
good conditions of employment may 
be secured are briefly as follows : — 

(1) The employees should be given 

an opportunity of bringing their 
suggestions before some responsible 
official. • 

(2) This official must have a place 
on the management, and should carry 
sufficient weight for his recommenda- 
tions to be accepted wherever possible. 

(3) The manager should realise that 
one of his important functions is to 
secure and to keep contented workers. 

(4) The firm or company must be 
ready to regard sympathetically pro- 
posals made for the welfare of the 
employees, and must be prepared to 
sanction expenditure towards this 
end. 

Training 

This extensive list of duties, which, 
it is suggested, ought to be under- 
taken by a welfare superintendent, is 
in itself sufficient proof that such 
work cannot be entrusted to ama- 
teurs. The manager will require a 
person who has been trained in this 
work before he can appoint him as 
his deputy. As far ns I know, how- 
ever, no facilities for such training 
exist in India. But even if this 
training could be obtained, it would 
not be possible to get candidates 
unless there were reasonable prospects 
of employment at the end of it* 'flic 
first step, then, is to convince em- 
ployers of the benefits that would 
result if such appointments were 
made, and in that way to create a 
demand for persons capable of doing 
that form of work. • 

Assuming that such a demand does 
gradually arise, I will next consider 
the kind of experience that will be 
found to be most advantageous by 
those who wish to secure such appoint- 
ments. The first essential is a know- 
ledge of the classes that compose a 
factory. Such knowledge can be 
acquired in various ways. There are 
now agencies in most large industrial 
towns which undertake to look after 
the needs of workers outside the 
factories. It will be necessary to 
become an active member of such an 
organisation, and to undertake definite 
duties. Thus, for instance, it may be 
possible to help with educational 
evening classes, or. if one has medical 
qualifications, to supply medical aid 
and advice, by doing voluntary work 


at an infant welfare centre. Or, if 
one has had business training, the 
establislynent of co-operative stores 
and saving banks may be instituted. 
The Social St r vice League, the Ser- 
vants of India Society, and the All- 
India League for Maternity and Child 
Welfare, the various infant welfare 
centres, may be mentioned as some 
of the societies who would be willing 
to accept the services of voluntary 
workers. 

These different forms of social 
service should bring one into intimate 
contact with industrial workers, and 
thus it will be possible to secure some 
knowledge of their mode of life and 
the difficulties with which they have 
to contend.* It should be jiossible, 
also, to get this experience during 
leisure hours, but in order to become 
qualified to do welfare w'ork inside a 
factory, much more will be necessary. 
To do this, a knowledge of factory 
conditions is essential. To gain this 
experience, I have heard of persons 
entering a factory as ordinary em- 
ployees. For many, however, this 
would not be possible, and may give 
rise to suspicion among the workers. 
A better way is to secure a post of 
some responsibility on a factory staff. 
There will be little difficulty for those 
who have medical qualifications. 
Those, however, who are not so 
fortunate, may get some clerical 
appointment in the works, and may 
ask to be entrusted with the duty of 
improving the time-keeping or of 
interviewing applicants for engage- 
ment, and of seeing all who leave, 
and keeping the necessary records. 
The altempt should be made to get a 
post which will bring the would-be 
\telfare workers into direct contact 
with the workers, and which will 
enable him, at the same time, to 
render useful service both to them 
and to the management. Having 
secured some such position in the 
works, the next step should be to 
join, if possible, a University course 
of lectures on economics. It is essen- 
tial to know about different wage 
systems and the laws governing 
supply and demand. A knowledge of 
factory legislation is also necessary. 
The growfh and functions of trade 
unions in different countries should 
* also be studied. • If lectures cannot 
be attended, standard works on 
economics should be purchased and 
studied. 

Students of economics in Universi- 
ties nniy, too, fit themselves for under- 
taking welfare work in factories. 

(Continued on page 291.) 


263 


POWER AND 

Conducted by 
J. D. TROUP, M.I.Mech.E. 


POWER 

TRANSMISSION 
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The" Restoration of Oil Efficiency 

Modern Methods of Filtration 


O NK phase of* engineering 
operations in which rapid 
strides have been made 
during the past few years 
is that of the lubrication of 
machinery. Not many years back 
machinery was lubricated, it is true, 
but as yet little effort had been made 
to bring scientific study to bear on 
lubrication and all its problems. 

Simultaneous with this advance 
in the study of lubrication have been 
the developments and inventions for 
the recovery of used oils and their 
restoration to 100 per cent, efficiency. 

It was found that one of the 
greatest sources of waste in lubrica- 
tion could be eliminated. It >va« 
proved that oil does not wear out, 
but simply becomes contaminated 
with dirt, metal particles, carbon or 
water, and that all that was neces- 
sary was to produce a proper com- 
mercial method of filtration, and 
purification. This was done, making 
it possible to use the same oil over 
and over again, with but small actiufl 
loss. 

To prove that there is no founda- 
tion for the belief that oil “ wears 
out," the Richardson-Plioenix Com- 
pany, of Milwaukee, pioneers in oil 
filtration, had some tests made at 
the laboratories of Cornell University 
on oil taken from one of their central 
oiling and filtering systems in a 
prominent power plant where the 
conditions are very severe. 

On account of the great Variety 
of machines lubricated, tin? high load 
factor and the exceptional conditions, 
the work imposed on this lubricating 
system is probably as severe as can 
be found anywhere. At the time the 
samples were obtained, the system 
had been in operation for over a year 
and a half, and the question natur- 
ally arises, what physical changes, if 
any, did the oil undergo during this 
extended period ? 


To determine the changes under- 
gone by the oil, a sample of new oil 
was tested, and also a sample of oil 
drawn from the clean oil compart- 
ment of the filters. A series of 
friction tests were made on a Thurs- 
ton railway lubricant tester. The 
testing machine was run at a constant 
speed of about 3(>0 r.p.m., and the 
load applied in increments of 7f> lb. 
pressure per square inch. The test 
at each load was continued until the 
friction and temperature of the bear- 
ings had become constant. 

The results of the friction tests are 
shown in Pig. 1. The curves show 
that at working pressures the filtered 
oil is as good as new oil. It will be 
noted that the two temperature 
curves in Pig. 2 are practically super- 
imposed, and in no case is the varia- 
tion more than a few degrees, giving 
anfple# proof that the lubricating 
quality of the filtered oil is prac- 
tically unimpaired. 

Tests of the new and filtered oil 
were also made in an Olsen viscosi- 
meter. The results of these tests are 
shoe’ll in Pig. 3. The viscosity curves 
show that as oil is used over and over 
again in an oiling system, it actually 
gains in body, provided a filter is 
used which thoroughly removes dirt 
and entrained water. 

The results of tests of the physical 
qualities of the new and filtered oil 
were as follows : — 

Sample “ A.” New Oii.. 

Colour medium red, translucent. 

Flash point 410 deg. (open cup). 

Burning point — 400 deg. F. (open cup). 

Specific gravity at 00 deg. F. water as 1, 
.895. 

Sample " B. M 

Purified Oil pkom an R-P Fii/iek. 

Colour — very dark red, opaque. 

Flash point — 410 deg. F. (open cup). 

Burning point — 440 deg, F. (open cup). 

Specific gravity at 00 deg. F. water as 1, 
.903. 


The Richardson-Phcvnix type “ A " 
oil filter operates on the so-called dry 
principle of filtration, in which the 
oil is not passed through water. It 
is designed in accordance with the 
latest engineering practice, and em- 
bodies all the essential features neces- 
sary for scientific oil purification. 

The process of purification is accom- 
plished both by precipitation and by 
filtration through closely-woven cloth. 
By the former process, the oil is 
brought practically to rest, and en- 
trained water and heavy particles of 
foreign matter are allowed to settle 
out. The capacity of an oil filter 
really depends on its ability to pre- 
cipitate entrained water from the 
oil. This water, which is always 
present to a more or less degree in 
plants operating steam engines, 
pumps, etc., comes from slight leak- 
ages around piston rod stuffing 
boxes, etc. Therefore special atten- 
tion has been given to making the 
precipitation compartment of this 
filter as large as possible, and of a 
highly efficient design. 

Briefly, the operation of the 
Riehardson-Phanix power plant oil 
filter is as follows : — 

(1) The* incoming dirty oil is heated to 

lower its viscosity, and thus reduces 
its ability to retain water and solid 
particles in suspension. 

(2) The oil then takes a long path, flowing 

at a low velocity over shallow trays, 
where precipitation takes place. 

(3) The oil then flows through the filter- 

ing medium , every square inch of 
which is effective, and subject to 
equ: 1 pressure. 

(4) The oil is stored in the clean oil com- 

partment ready for re-use. 

(f>) When necessary, the oil is passed over 
cooling coils after it has lM?en 
filtered. 

The following detailed description 
of the operation of the filter shows 
why it purifies oil so efficiently. 
Referring to I'ig. 4, the dirty oil 
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enters the filter through the re- 
movable strainer box (1), (2), where 
large particles of foreign matter, such 
as waste, etc., are removed. The oil 
then passes to the heating tray (11), 
where its viscosity is so reduced that 



it becomes extremely thin, and is 
unable to retain water and solid 
matter in suspension. The value of 
heating the oil is evident by referring 
to the viscosity curves iti Fig. 3. I f or 
instance, oil “ B " at 70 degrees, is 
practically live times as viscous as 
water, and thus it would take en- 
trained water a long time to settle 
out. However, if this same oil is 
heated to 140 degrees, it is only one 
and one-half times as viscous as 
water, and will offer very little re- 
sistance to water settling out. 

The heating tray is so arranged 
that the oil flows over the heating 
coil (4) in a thin sheet, so that every 
drop of oil is brought into intimate 
contact with the heating coil. Steam 
is generally used, but heating ele- 
ments for utilising hot water or 
electricity can be furnished when 
desired. 

After passing over the heating 
tray the oil flows to compartment (3) 
and down through funnel (0). Passing 
down through conductor (7), the oil 
is spread out by baffle (8) under the 
bottom of tray (9). Under the action 
of the greater head which can build 
up in conductor (7), the oil is forced 
to take a zig-zag path upward, pass- 
ing under and over trays (0), (10), 
(11) and (12), as shown by the lines 
of flow. The oil then passes out 
through opening (14) to the filtering 
compartment. The four precipitation 
trays arc made of galvanized sheet 
steel, supported on suitable ‘legs, and 
fit snugly into the precipitation com- 
partment, except for openings on 
alternate ends ; the trays are pro- 
vided with handles, and can easily 
be lifted out for cleaning when neces- 
sary. 

Having reduced the viscosity of the 
oil by heating it, if could spread 


it in a very thin sheet, water a n( ^ 
heavy particles would settle o llt 
almost instantaneously. Of course, 
in a commercial filter it is impossible 
to spread the oil out in a single thin 
layer, on account of the limitation of 



water level in the bottom of the 
precipitation compartment tends to 
rise, that one leg of the U-tube be- 
comes overbalanced, because it is 
made up of a (greater proportion of 
water and less of oil : thus water 
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floor space ; however, in this filter 
the same effect is secured by using a 
number of trays. As the oil passes 
over the trays at a very low velocity 
(7/10 feet per minute at the normal 
rated capacity of the filter), the 
heavy particles of dirt and water 
settle at the bottom of these trays. 
As the water, in settling out of the 
oil, takes a course at right angles to 
the direction of the flow of the oil, 
the movement of the oil offers no 
resistance to the precipitation pro- 
cess. Any solid matter which is 
precipitated out collects in the bot- 
tom of the trays, and as the oil flows 
over the trays at such a low velocity, 
and as the sediment is out of the 
direct course of the oil, there is no 
danger of its being picked up agaiy. 
As the trays are deep, they will nold 
a large quantity of sediment, thus 
rendering frequent cleaning unneces- 
sary. 

The separated water collects in the 
bottom of the different trays, and is 
by-passed directly to the bottom 
the precipitation compartment by 
means of funnels (15), (10), (17) and 
(18), and does not have to come in 
contact with the travelling oil, where 
it might be picked up again. 

The water in the bottom of the 
precipitation compartment is auto- 
matically ejected by the adjustable 
water overflow tube (19). This water 
overflow' is simply a U-tube ; that is, 
the column of water in pipe (19) 
balances a column in the precipita- 
tion compartment which is made up 
largely of oil and partly of water. 
As oil is lighter than water, the top 
of the tube (20) is a little lower than 
the overflow level of oil in the pre- 
cipitation compartment. It is evi- 
dent that as more water is pre- 
cipitated out of the oil, and the 


Fig. 3 * 

flows over the top of nipple (20) and 
out through opening (21) until the 
two legs of the U-tube again balance, 
thus maintaining the proper level in 
the precipitation compartment. 

The overflow is always water 
sealed, and can be so adjusted that 
even the heaviest oil will not pass 
out through it. 

The level of the oil in the top 
tray is maintained constant by the 
skimmer (19). The oil then flows 
through pipe (14) into the filtering 
compartment (22), which contains 
niye noil-collapsible filtering units. 
Each unit consists of two 12 in. X 
18 in. sheets of heavy galvanized 
wire screen, separated one inch and 
held in a suitable metal frame. The 
edges are smooth, so that the filtering 
bags can be easily slid on and off. 
The cloth is in the form of a bag, and 
is held over the screens by means of 
a eover and two thumb nuts. These 
thumb nuts are flanged, so that they 
do not become detached from the 
filter unit cover. The cloth is brought 
up over the top of the filter unit, and 
when the cover is screened down, is 
held tightly in place. This method 
'of attaching the filtering cloth pro- 
vides for its easy removal for cleaning 
purpOvSes, and is such that the oil in 
passing through the filtering units 
must go through the cloth. The oil 
passes from the outside to the inside 
of the filtering units, then out through 
the nozzles (25), which project through 
the wall of the filtering compartment, 
to the clean oil compartment. The 
nozzle on each filtering unit fits into 
a spring actuated valve, so that any 
individual unit can be withdrawn and 
cleaned without interfering with the 
continuous operation of the filter. 
When the filtering unit is withdrawn, 
this valye instantly closes, and pre- 
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vents unfilteied oil from flowing into 
the clean oil compartment. 

The clean oil occupies all «of the 
space in the bottom of the filter 
under the precipitation ;Sid filtration 
compartments, and also the space 
alongside of the filtering compart- 
ment, which is about one- half as wide 
as the filter. The clean oil is piped 
off through a lif ting in the centre of 
the bottom of the filter. 

In the design of this filter more 


attention has been given to the 
scientific distribution ot the filtering 
cloth than to the quantity employed, 
The cloth is so arranged that it is 
free from folds or plaits, thus render- 
ing every square inch active in filter- 
ing. Whenever filtering cloth is 
wadded up or gathered so that the 
folds occur, the cloth, in some places, 
presents a single thickness, and in 
others a triple thickness in the oil 
circuit. When this condition exists, 
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it is evident that the oil will follow 
the path of least resistance, and 
practically all ot the oil will pass 
tin ough the single thickness por- 
tions, and those portions having moie 
than one thickness will bo rendered 
ineffective. 

In the Riehardson-lMvciiix. filter, 
no oil can pass to the clean oil com* 
part incut, until the level in the filter- 
ing compartment (2*2) reaches the 
outlets (2o), thus no filtering takes 
place until every square inch of the 
cloth is submerged in oil. As soon as 
a slight head builds up over the 
outlet, the process of tilt rat ion com- 
mences, and is equally distributed 
over every square inch of surface. 

The rate at which filtration takes 
place depends upon the head over the 
filtering units, this head automatically 
adjusting itself to the rate at which 
the filter is being worked. The filter- 
ing units operate on the TMubc 
principle. It is evident, that if there 
is a head “ A” of three inches over 
the outlet, at any point “ X ” on the 
filtering surface, there is a difference 
of head of three inches between the 
oil on the outside of the filtering cloth 
and that on the inside. No matter 
where we take the point. “ X,” the 
head “ It ” is always the same on the 
outside and on the inside of the bag, 
and these two columns always exactly 
balance each other. Therefore, the 
net head acting on the outside of the 
cloth ij. always ‘ A " ; thus there is 
absolutely the same difference in 
pressure between tlic two sides of the 
cloth all over the filtering surface, 
and the process of filtration is uni- 
formly distributed. 

'1'hc head of oil over the hltering 
units is shown bv the indicator at the 
top of gauge (23). When the filter t, 
being operated at normal rating this 
gauge should show a level of about 
three inches. If a greater height is 
indicated, it shows that the oil » 
not. passing through the cloth as fast 
as it should , and therefore the cloths 
need cleaning. The filters are rated 
at a 3-inch head over the filtering 
units, but space is provided for 
carrying a O-inch head. 11ms the 
i filter is capal.de of handling short 
overloads o.f 100 per cent so that 
) in case a large batch of oil should be 
run in, the filter will be able to take 
care of it. However, like all other 
power plant machinery, when, run 
at over rated capacity, the efficiency 
of the filter is somewhat decreased 
that is, we have found that a 3-inch 
Uoorl ni nil eives a late of flow con- 
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if the oil is forced through the cloth 
at a greater rate, purification will not 
be so complete. The provision for a 
head greater than 3 inches also per- 
mits of running the filter at the 
normal rate after the cloths have 
become foul, that is, when the cloths 
are dirty the same rate of filtration 
can be maintained bv carrying, say, 
a 4-inch or 5-inch head of oil over the 
filter units, instead of the normal 
head of It inches. This allows con- 
siderable latitude as to when the 
cloths should be cleaned. 

The capacity of the filter could be 
greatly increased «by carrying a head 
of two or three feet over the filtering 
units, but a head as high as this is 
liable to cause the very line particles 
of dirt to be forced through the 
filtering medium along with the oil, 
thus lowering the efficiency of the 
filter. 

There is a decided advantage in 
arranging the filtering cloth in a 
vertical position, and having the oil 
pass from the outside to the inside 
of the units, because the slime and 
sediment which collects on the out- 
side of the cloth continually works 
towards the bottom and (hops off, 
thus automatically tending to keep 
the surface clean. When cloth is 
arranged horizontally, the sediment 
forms a cake on top of the cloth, 
greatly slowing up the process of 
filtration, and necessitating using 
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several times as much filtering sur- 
face. 

Filtering Medium 

The filtering medium is a special 
grade of cloth which does not act as 
a screen, but actually filters the oil, 
largely by capillary action. This firm 
has experimented with many differ- 
ent kinds of filtering material, and 
has come to the conclusion that cloth 
is the best. While attempts have 
been made to use bone-black, waste 
saw-dust and other loose material for 
filtering oil, if this material is packed 
loose enough to pass a sufficient 
quantity of oil, channels will form in 
the material, and a large percentage 
of the oil will llow through these 
channels without the suspended mat- 
ter being removed. On the other 
hand, if material of this kind is 
packed tight enough to prevent 
channeling, the process of filtration 
is so slow that it is not practical for 
a commercial filter. Furthermore, 
loose material is always liable to 
work through the filter into the bear- 
ings and cause trouble. 

The use of other material, such as 
asbestos and paper, requires con- 
siderable pressure, usually about 100 
pounds per square inch, in order to 
force the oil through it. To main- 
tain this pressure, small steam pumps 
are usually employed, and their 
steam consumption is so great that 
it does not pay to use this type of 
filter. 

The use of a filtering medium # alone 
is not sufficient, because the capacity 
of a filter purifying oil from steam 
engines or turbines is not limited by 
the filtering material, but in reality 
by its capacity for separating en- 
trained water from the oil, and there 
is only one practical way to effectively 
remove water, and that is to take 
advantage of the difference in specific 
gravity between oil and water, by 
bringing the oil to rest in large tanks 
or spreading it out in thin sheets, 
flowing at a low velocity, .so that the 
water will settle out by gravity. 

Briefly, the operation of the 
Riehardson-Phoenix type “S” mul- 
tiple oil filter is as follows — 

(1) The incoming <ffl passes through one 

or more screens, which remove 
coarse particles of foreign matter. 

(2) When necessary, the oil is heated to 

reduce its viscosity, so that water 
and heavy foreign particles will be 
readily precipitated. 

(3) The oil passes at a low velocity over 

baffles, where water and solid 
matter settle out by gravity. 


(4) The partly purified oil finally passes 

through filtering cylinders for final 

purification, and Hows into the clean 

oi^ compartment ready for use. 

(5) When necessary, the oil can be passed 

over coaling coils before re-using. 

The oil is not passed through water 
in any part of the filtering process. 

The idea that oil can be washed by 
allowing it to trickle up through 
water is erroneous, as some oils will 
actually pick up more water than 
they give up* Therefore, type “ S ” 
oil filters operate on the dry system 
of filtration. The only water in the 
filter is a very small amount in the 
bottom of tile precipitation com- 
partment, which is used to seal the 
automatic waiter overflow. 

Type “ vS ” filters are of the con^ 
tinuous operation type, in which rtf 
steady stream of dirty oil at a fairly 
constant rate, flows hv gravity or is 
pumped into the filter. The filtered 
oil is drawn from the filter by a 
pump which delivers it to the ma- 
chines to be lubricated or to an^ 
overhead reservoir. Type “ S ” filters . 
are suitable for central systems and | 
individual circulating and filtering 
systems for power plant machinery. 

The following detailed description 
will make clear the operation of the 
type “ S ” filter. \ 

\ 

i 

“ S ” type Filter 

Referring to Fig. 5, the dirty oil 
enters the filter through pipe (1), 
passing down through removable 
strainer (2), where large particles of 
foreign matter arc strained out. The 
ojl then falls into heating tray (3), $ 

being spread out into a thin sheet 
over heating coil (4), which, when 1 
necessary, can be used to raise the 
temperature of the oil and reduce its 
viscosity. Some of the larger par- 
ticles of sediment and foreign matter 
precipitate to the bottom of the 
tray (3), which can easily be removed 
by lifting off cover (5), to which the 
tray is attached. The oil flowing 
from the edges of the tray (3) falls 
into the receiving chamber (0), pass- 
ing out tjirough overflow pipe (7)* 
and out through spout (8). The 
.overflow pipe (7) has a number of 
small holes which automatically main- 
tain a uniform flow into the filter at 
the rate necessary for efficient filtra- 
tion. 

New oil may be added t to the filter 
by pouring it into the receiving 
chamber (6) without any ganger of 
flooding, as the top of the overflow 
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pipe (7) is open, forming a safety 
vent. 

The operation of the precipitation 
compartment will be made clear by 
referring to Tig. (>. The reference 
numbers also correspond to those in 
Tig. 5. 

The oil flowing from spout (8) 
passes through removable strainer 
(0), which is of a liner mesh than (2). 
The oil now passes down through the 
centre tube (10) to the bottom 
of the precipitation compartment, 
and spreads out under the bottom 
of baffle (12), taking a zig-zag path 
upward, over and under the saucer- 
shaped baffles (12), ( 14 ), ( 15 ) and 
(16), overflowing through nozzles ( 18 ) 
into the filtering cylinders. The 
water which precipitates out' of the 
oil and settles iu the hollow of the 
baffle trays is by-passed directly to 
the bottom of the precipitation com-' 
partment by means of a conductor 
pipe ( 17 ), which has an opening con- 
necting with the lowest point of each 
baffle. The particles of water are 
given a short path directly to the 
bottom of compartment (11), and 
do not kave to struggle downward 
through a current of upward-flowing 


The horizontal baffles break the 
into layers, so that the drops of 
water do not have to travel through 
a large body of oil. In no place is 
the oil forced to pass through water, 
where it might pick up moisture and 
carry it into the clean oil compart- 
ment. 

The water, separated from the oil, 
collects in the bottom of the pre- 
cipitation compartment, and is auto- 
matically ejected through water over- 
flow (13). 

Referring to Tig. 0, the automatic 
water overflow consists of two con 
centric pipes. Water flows upward 
through the outer pipe (21), and 
flows away to the sewer or a sump 
through connection (22), or through 
the side outlet immediately above 
( 22 ). 

This water overflow simply oper- 
ates on the U-tube principle ; that is, 
the column of water in the outer pipe 
balances a combined column of oil 
and water in the precipitation com- 
partment of the filter. As more 
water is precipitated out of the oil, 
the water in the bottom of the com- 
partment tends to rise, and the leg 
of our U-tube, inside of the filter, 
becomes heavier, because it is made 
up of a greater proportion of water 
and less of oil, thus water flows over 
the top of funnel (20) until the legs 
of the IJ tube again balance, thus 
maintaining the proper level in the 
precipitation compartment. The fun- 
nej (20) can be screwed up or down 
on tlfb tube (21), so that the water 
overflow can be adjusted for handling 
oils of different specific gravities. 

The partially purified oil flowing 
from the nozzle (18) (Tig. 5) passes 
directly into filtering cylinders (19), 
which contain a body of quiet oil, 
giving another opportunity for any. 
remaining foreign matter to settle to 
the bottom, where it can be easily 
removed when cleaning. These cyl- 
inders are wrapped with a double 
thickness of special grade of filtering 
cloth, the oil flowing outward into 
the clean oil storage compartment. 
The filtering' cylinders have a series 
of holes in them, and the filtering 
cloth is fastened in several places, 
forming pockets which evenly dis- 
tribute the process of filtration over 
the entire surface. The clean oil 
occupies all of the space in the filter 
shell surrounding the filtering units 
(19) and the precipitation chamber 
( 11 ). 

The filter can be easily cleaned 


without interfering with its con- 
tinuous operation by removing cover 
(23), and turning one of the nozzles 
(18) so that it points up, which pre- 
vents the oil from flowing into the 
filtering cylinder to be cleaned. The 
filtering unit can then be taken out 
and set in the drip pan (24), which is 
connected to spout (8), allowing the 
excess oil to drain directly back into 
the filter. Pockets (25) on the tinder 
side of the cover contain extra filter 
cloths. Cloths can be used over and 
over again if they arc washed in 
gasoline or kerosene. A flush con- 
nection in the bottom of the precipi- 
tation chamber (11) permits of wash- 
ing out the sediment when necessary. 
The trays in the precipitation cham- 
ber should be removed occasionally 
and washed off. These trays arc all 
attached to the central tube (10), and 
can be removed by taking out the 
screen (9) and lifting out the entire 
stack of pans. 

Gauge (28) shows the water level 
in the precipitation compartment. 
The funnel in the top of the overflow 
should be so adjusted that the water 
level shows about one inch above the 
bottom of gauge glass (28). Gauge 
glass (27) shows the level of the oil 
in the clean oil department. The 
cock at the bottom of this glass is 
for drawing off clean oil for use in 
hand oilers. When the filter is used 
as part of a continuous oiling system, 
the clean oil is drawn off through a 
pipe connection in the bottom of the 
clean oil compartment (22), as shown 
in Tig. 5. 


Modern Grinding 
Wheels 

(i Continued from page 250.) 

Unfortunately the truest grinding 
wheel is often attended with fatal 
results to the operator, in which case 
it is impossible to question him as to 
what happened. After being tested, 
the wheel, before finally being sent 
away, is inspected by an expert to 
pass same as being of correct dimen- 
sions, and that it is true to the grit 
and hardness required, it is then 
stencilled and despatched to the 
customer. % 
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A Marine Internal-Combustion pngine 

without Piston Rods 

Many attempts have hern made in rtcent years to evolve a double- acting internaT 
eombuslion engine, with its obvious advantages, which would avoid the practical 
disadvantages of such design. The engine described in this article would appear to 
have made a very considerable jump along the line of such progress, and to 
hold considerable possibilities for solving the problem of the high-power engine. 


W K recently had the privi- 
lege of inspecting a 
novel design of internal- 
combustion engine under 
construction, which has 
been evolved primarily for ship pro- 
pulsion, but, as will be seen from the 
following description, the principles 
involved are equally applicable to the 
land type design. 

Before going into detail, we would 
say that one of the principal novelties 
in the design under consideration is 
the fact that the ordinary piston rod 
is entirely dispensed with, the design 
embodying a double* acting piston, 
and, as will be seen on reference to 
the .section, the motion is carried from 
the piston to the cross head by means 


of two side rods attached to a gudgeon 
pin passing through the piston. 

The makers of this engine have 
evolved several different arrange- 
ments for attaching these side rods to 
the piston, the one illustrated being 
used in the smaller sizes. In the 
larger engines the scavenging pumps 
are mounted quite separately from 
the cylinder with the result that, the 
piston side rods are not required to 
make a gas-tight joint between the 
pumps and the cylinder. The gudgeon 
pin in this case works in an open slot, 
and, of course, never making any com- 
munication between the cylinder itself 
and the atmosphere. 

The importance of this somewhat 
radical departure in design is not only 


confined to the elimination of a 
stuffing-box, although all those who 
have had experience of a stuffing-box 
on an intefnal-combustion engine, 
know what a vitally weak point in 
an engine this is, blit on reference 
to the section it will be seen that 
almost ideal conditions prevail for the 
working conditions of an internal- 
combustion engine, that is to say, 
the shape of the combustion space is 
symmetrical, and the cylinder proper 
is of the simplest design, and there 
are no parts of intricate design (either 
fixed or working) which are subject 
to the intense heat of combustion, 
and it will be noted, of course, that 
the piston itself is water cooled. 

We need not point out the great 
advantage of a double acting engine 
for marine purposes having an im- 
pulse at every stroke, this result 
following because the engine works 
on the two-stroke principle ; but 
what is of even greater importance 
when combined with the even turn- 
ing, is the fact that the makers 
claim a mean cffecrive pressure in 
five cylinder of some sixty pounds 
per square inch. This figure seems 
to indicate very perfect working as 
an internal-combustion engine, and 
would also appear to confirm the 
makers’ statement that for equal 
cylinder capacity and speed, the 
engine will develop approximately 
equal horse-power with the average 
marine steam engine, and this fact, 
combined with the positive reversing 
and control gear which we will de- 
scribe presently, appears to us to 
somewhat revolutionise the prevailing 
conditions as regards internal-com- 
bustion engines for marine work. 

The following figures regarding fuel 
consumption, which have been sup- 
plied to us by the makers, are interest- 
ing in view of the above claims. The 
makers claim a consumption of .48 lb. 
per B.H.P. per hour on engines above 
100 H.P., and a consumption^ .5 lb. 
per B.H.P. per hour o» engines under 



View from bilge pump side 


269 











270 


ITMDUSTR 1 A L 1 NDI A 


100 ]U\ It should be pointed out 
that these are consumptions by 
weight on engines of the semi-Diesel 
type, and must not be compared with 
consumptions on the pure Diesel type. 

Regarding size and weight of this 
new design- an engine of 30 1I.I\ 
occupies a floor space of 11 J square 
feet, and is 3 ft. 4 in. high from the 
centre line of the crankshaft, 'flu- 
weight of this engine is 22 cwt. 
These figures will give some indication 


are included in the above dimensions. 

Turning now to the [latent revers- 
ing gear of this firm, as will be seen 
from the photograph, this consists 
of a set of ports cut in circular plates, 
these circular [dates rotating against 
one another by means of the hand- 
wheels shown. 

It will he sc 4 *n in the illustrations 
that there are two operating wheels ; 
one is connected to the governor, and 
controls the travel of the fuel pump, 


The second wheel operates the oil 
ports in such a manner that the fuel oil 
supplied *from the fuel pump may be 
directed to the top or bottom of any 
cylinder, ancf it fellows, from this 
arrangement, that oil can be injected 
and fired exactly as required, cither to 
send an individual piston up or down, 
and the arrangement is such, that the 
engine is driven either ahead or 
astern in a positive manner. 

Compressec] air, which is automati- 



Vltw from flywheel side 

of the advancement made* by this 
design, which, if compared with the 
Larger size engines, is a matter of 
some considerable importance. It 
should be pointed out that in this 
particular size, the pumping gear 
(including the waiter circulating pump, 
the air compressor and the bilge pump) 
are arranged on the engine bedplate and 


and therefore, of cjjprse, the amount 
of oil delivered to one cylinder end 
per stroke. This wheel, therefore, 
controls the speed of the engine, 
either for full, half, or quarter speed, 
the governor automatically taking 
control over any speed below that 
fixed at the point under control by 
the operating wheel, 


cally distributed fo each cylinder in 
proper rotation, is used for putting 
the engine in motion, and after speed 
is attained the engine carries on 
under its own power, and we should 
point ‘out here that where the hot 
bulb of the engine has not previously 
been heated, that starting ftom cold 
can be effected by means of a patent 
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electric ignitor, which we are not yet 
at liberty to describe. 

Unfortunately we have not space 
available to follow in detail tlie work- 
ing of the reversing g$ar, or, more 
correctly, the reversing and control 
gear, but we think from the above 
description, together with photo- 
graphs, that what is actually effected 
in practice will be clear to our readers, 
namely, that a mere novice can con- 
trol the engine by merely turning the 
pointer on the control wheel to what 
he requires the engine to do, either 
to go ahead or astern, or to operate 
at quarter, half, 'or full speect. The 
result follows exactly as it follows 
similar control on a steam engine, and 
it follows because the control wheel 
directs the oil by means of ports to 
that side of the piston where power 
is required to rotate the crankshaft 
in the desired direction, and the 
governor gear is operated to increase or 
decrease the travel of the fuel pumps 
as may be required for speed control. 

. The actual operation of this gear 
is positive and fool-proof, and when 
seen in reality, the construction and 
method of working is really extremely 
simple, and it seems to us that it is 
an enormous advance in the design 
of control gear for a marine internal- 
combustion engine, not exactly be- 
cause it eliminates the mechanical 
reversing gear, or other form oj 
secondary gear, but that it is positive 
in its action, and is extremely simple 
in control. 

We have already pointed out that 
this engine works on the two-stroll 
principle, and it follows that every 
stroke of the piston is a power stroke ; 
in other words, a single-crank engine 
of the Reed type is equivalent to « 
four-crank engine of the four-stroke 
single-acting type, or two-crank engine 
of the two-stroke single-acting type. 
The advance in design on this point is 
not wholly confined to the smaller floor 
space occupied, or to the fact that a 
lighter engine is evolved, but it also 
means that the adoption of the Reed 
design enables a more even turning 
movement to be effected, and, there- 
fore, more nearly approaches the tur- 
bine effect than any other type of recip- 
rocating internal-combustion engine. 

The following information which has 
been supplied by the makers regard- 
ing their present arrangement for 
manufacture is of special interest as 
regards marine work. Their type 
“ A " engine, which is tired by mag- 
neto, and i§ designed to stait on 
petrol and run on paraffin, has a 
cylinder gf 2} in. diameter by 3 in. 
stroke, and is made in one, two, fbur 


and six cylinders, having 0, 12, 24 as a guide for the engine attendant, 
and 36 H.P. respectively at 800 r.p. m. that lie may know what his oil con- 
The design of the crankshaft on sumption is over a given period, and 
this engine is somewhat novel. For he also knows that his lubricating 
example, in the six-cylinder model system is working properly. 



Reversing (Jear dismantled 

there are six cranks set at thirty Another novel point in the general 
degrees, and therefore all on one arrangement of this engine is the fact 
side of' a half circle. In this way that the circulating pump which sup- 
th^ six cylinder engine obtains tliir- plies the jacket and piston water is 
teen £ower impulses per revolution, the same size and design as the bilge 
which is very nearly approaching the pump, and these two pumps are 
turbine effect. arranged in such a manner that they 

What is known as> their “ B ” type are not only interchangeable, but that 
is a hot bulb crude oil engine, which the change over is automatic, by 
can be supplied with the firm’s means of an ingenious arrangement 
patent electric apparatus tor cold operated by compressed air, and this 
starting. This type is made in four automatic action comes into opera- 
models, having 1, 2, 3 and 4 cylinders tion should for any reason the circu- 
of 25, f>0, 80 "and 1 10 H.P. respect- lating water system fail to act. 
ivelv. This model has a 6 in. bore The above is a very brief descrip- 
and 8 in. stroke, and develops its tion of what this new design really 
power at 300 revolutions per minute, means, but it will be evident by 
Forced lubrication is supplied to comparing the above features with 
all main working parts of this engine, present standard practice that there 
but is supplied under somewhat novel are a number of other minor points 
arrangements. The usual force pump which may be claimed for the Reed 
is discarded in favour of compressed design, and we understand that the 
air which is applied on the top sur- makers anticipate building this engine 
face of the oil iu an air-tight tank, for very high powers, not only for 
This supply tank is fed from a second marine work, but. also for stationary 
overhead tank, and the arrangement work, and we hope in a future issue 
is such that the supply is kept up to give further details of these very 
automatically. This is* a novel and interesting developments, which the 
very interesting feature, because it makers and patentees, Messrs. Reed's 
not onlv ensures positive lubrication, Patent haiginc Co. I/td., of Hythe, 
but the secondary supply tank acts vSouthampton, ar^ proceeding with. 
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An Important Engineering Enterprise 

I 


.1 brief outline 


A BRANCH of the engineering 
/% industry long prominent 

L % in England, and never 
JL X more noteworthy than at 
the present time, is that 
represented by Messrs. Elliott's Metal 
Co. Ltd., Selly Oak Works, Birming- 
ham, who occupy a foremost position 
among the metal manufacturers in 
and around that important industrial 
centre. 

The company has been established 
for close on fifty years, and, as in the 
case with many other firms, in the 
earlier years operated in a small way 
of business, gradually increasing in 
si/.e and importance, until at the 
present time it has become one of the 
most considerable concerns of its kind, 
giving employment in normal times 
to close on 1,000 workmen. 

The works to-day cover a consider- 
able area, and are equipped with the 
latest machinery and appliances for 
all processes of the industry carried 
on. 

Elliott's Metal Company is widely 
known as manufacturers of copper 
and brass plates, rods, sheets, wire 
and tubes for every purpose, also of 
condenser plates and tubes of all 
alloys, and yellow metal in every 
form. The company also specialises 
in copper plates for locomotive boilers, 
for many years supplying the princi- 
pal home, colonial, and foreign rail- 
ways. The manufacture of H.C. wire 
also largely occupies the company’s 
attention, their works being specially 
equipped for the work, and British 
and colonial telegraphs and tele- 
phones being largely supplied by 
them. 

With regard to the above indicated 
classes of goods, we may say that a 
standard is maintained throughout, 
which is the highest possible in effi- 
ciency, in order that the general con- 
fidence with which the Company’s 
products arc regarded by yie various 
industries making use of them may 
be fully justified and retained. 

To the widespread general distri- 
bution of Elliott's Metal Company's 
products, and the good name they 
bear abroad as well as at home, there 
is testimony in the substantial con- 
nections which have been developed 


)f the growth of a well-known British 


during many ^ears past all over the 
country, and in the chief centres of 
our export trade. 

They have found their markets in 
all the principal countries of the 
world that are open to British enter- 
prise, and the reputation of their 
output is of the highest, placing their 
products in the forefront of the 
market as regards steady demand 
and the assured confidence of buyers 
and users. 

In India their products are well 
known and extensively used. For 
close on fifty years, Klliott’s Metal 
Company has exported regularly to 
Bombay, Calcutta, Madras, and 
Karachi markets large quantities of 
squares, sheathing, and circles, in 
yellow metal and copper, under their 
deservedly popular brand. 

Another feature of the Company’s 
trade with India is Hie demand for 
its brass and copper wire (sent out in 
all gauges), and soft copper rods. 

The actual work through all pro- 
cesses is keenly watched, and comes 
under the personal supervision of the 
management, and the constant super- 
vision and attention to details thus 
eliminates any fear of unsatisfactory 
work, with the consequence tlntf their 
various products never fail to give 
complete satisfaction, complaints 
being practically unkuown. 

The works have been organised 
with the following points held con- 
stantly in view ; strict adherence to 
these points has been a big factor in 
promoting the success of the enter- 
prise. The first is that while always 
working for a maximum output, 
quality is never sacrificed to quan- 
tity ; thorough workmanship and 
finish can always be relied on. 
Secondly, every attempt is made to 
adhere to delivery promises, and it is 
noteworthy that their promises are 
rarely broken, and then only when 
due to circumstances entirely beyond 
control. Thirdly^'the same care and 
attention is bestowed upon the small 
order as upon the large one, and no 
large order is allowed to take pre- 
cedence over a small one which may 
be due for earlier attention in order 
of rotation. A fourth point is that a 
“ Store *' system is employed, whereby 

s'. 


manufacturer . 


the minimum delay on account of 
sudden shortage of material is assured. 

The entire business is a fine ex- 
ample of modern organisation and 
efficiency, developed upon an old- 
est ablished foundation, and supported 
at ev3ry point by long accumulated 
experience and high technical qualifi- 
cations. 

It has always been the company s 
policy to manufacture only, the very 
best, to represent fairly, to deliver 
good value, and, finally, to preserve 
goodwill. 


LOW TEMPERATURE 
CARBONISATION 

(Continued from page 249.) 

Finally, it is interesting to note that 
Mr. Maclaurin uses, to determine the 
probable oil yield from any given 
quantity of coal, an ingenious labora- 
tory apparatus consisting of a ver- 
tical tube closed at its upper end, 
containing about 100 grams of the 
powdered fuel. The lower end of the 
tube is open, and dips under water, 
and the tube is then heated carefully 
with burner, commencing at the 
top. The oil runs down into the 
water, and can be collected and 
Pleasured. The results of typical 
coals tested in this way are shown in 
Table II. 


An engineering visitor from the 
United vStates to Great Britain re- 
cently paid his testimonial to the 
excellence of the modern plant in- 
stalled, at British ports for the 
handling of coal and of ships’ cargoes 
in general. The high standard of 
efficiency thus indicated is being 
shown in connection with the dis- 
charging and storing of grain. The 
Clyde, for example, now possesses 
one of the fiuest granaries, and there 
was recently installed a pneumatic 
suction grain elevator Nvhich has a 
capacity of one hundred tons of 
grain per hour. * 


Conducted by “ M.Inst.T.'* 


THIS SECTION DiALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
si :: THE MANAGEMENT AND CONTROL OF RAILWAYS " « 


Indian Railway Developments 


A review of Ihe Improved Facilities now being introduced on the 
Indian Railways, and an outline of probable future tendencies. 


T HE Acwortli Committee, 
which investigated the 
working of the Indian Rail- 
, ways, and submitted a most 
comprehensive report, laid 
great stress upon the fact that, owing 
to the dearth of traffic facilities, much 
of the country's produce was lost, 
and that which eventually did get 
to market was frequently conveyed 
by uneconomical means at an un- 
reasonably high cost. The shortage 
of rolling stock was largely blamed 
for this state of affairs, but the 
inadequacy of track and terminal 
facilities was also held largely re- 
sponsible. It is of little use having 
a supply of rolling stock sufficient 
to meet the requirements of the 
traffic under normal conditions un- 
less it is enabled, by means of ade- 
quate facilities, to obtain the neces- 
sary mobility. In any other event, 
an excessive quantity of rolling stock 
inevitably leads to congestion, which js 
aggravated in direct proportion to the 
number of vehicles standing immobile. 

Thus arises the need for a sense of 
proportion, and it is worthy qf 
record in these pages that, speaking 
generally, the whole of the Indian 
Railways are now engaged in a 
strenuous endeavour to make good 
the defects that have manifested 
themselves. Not only are they ob- 
taining new rolling stock to make 
their stocks equal to, at least, the 
normal expected demand — and that 
is as much as can be expected of any 
railway undertaking, — but they are 
engaged in wholesale remodelling of 
stations and yards, line # wideniugs, 
the placing in of additional crossing 
places on single-tr^ck lines, the im- 
provement of the signalling, the 
tightening up of the organisation, 
and, in fact, in apy other work that 
is likely to improve the handling of 
traffic. % 

It will be "recalled that at the end 
of Chapter II (Present Situation of 
the Indian Railways), there is* the 


definite indictment that “ while con- 
gestion at some time or at some 
place is a commonplace of railway 
management in every part of the 
world, in India it has for years past 
recurred each season. It has now 
become normal, and will become 
permanent unless bold measures are 
taken to deal with the situation.” 
This was by no means pleasant read- 
ing for the Indian railway authorities, 
who, while recognising the truth of 
the statement , argued and with 
some justice - that the war had a lot 
to answer for. Locomotives, wagons 
and track were sent to various 
theatres of war, and the great steel- 
works of Tata & Company Ltd. 
were drawn upon almost exclusively 
to supply rails, etc., for war pur- 
poses. This naturally did not help 
the Indian Railway Administration, 
but they have now grasped the 
nettle firmly, and by their recent 
allocation of a large sum for railway 
piftpofces, have gone a long way - 
although not far enough towards 
meeting the railway' needs of the 
present* and the immediate future. 

New Lines under Construction 

Ui view of these facts, it will be 
interesting briefly to recapitulate a 
few of the improvements that are 
now projected or in progress, and it 
may be worth while first to note the 
references in this connection that are 
made in the Indian Railway Report 
for the year 1920-21, and supplement 
those remarks with information that 
has recently been made available. 

Take, first, the development of 
new lines. The Hukong Valley route 
of the IndcVBurma Connection Rail- 
way, which was surveyed last year, 
is of extreme importance, in that it 
will provide a connection between 
the railways in India and Burma— a 
matter of considerable interest. Then 
the project for tube railways in 
Calcutta is one of great local im- 
portance. The traffic needs are 


extensive, and are growing rapidly, 
and there can be little doubt that a 
system of tubes, established on the 
most modern methods, would do much 
to relieve the congestion from which 
Calcutta is suffering, and from which 
she will suffer iu greater volume if 
some additional traffic facilities are 
not introduced ere long. 'Ihe Agra- 
Karachi Connection Railway, which 
has also been surveyed, is a facility 
that has long been desired by the 
trading public of the United Provinces 
and Karachi, while the lines such as 
the Monbarpur Railway and the 
Mirzapur - Maihar and Daltonganj- 
Hutar Railway are designed to serve 
new area where coalfields are now 
being developed. 

While this is all very well, the 
average reader, knowing something 
of Indian conditions, will aver that 
equally important is the improve- 
ment of existing facilities. I quite 
agree with this view, but attention 
should not be concentrated on exist- 
ing facilities exclusively. Develop- 
ment lines are very necessary, and in 
such a vast country as India, where 
there are large areas still awaiting 
exploitation, it would be in the 
highest degree prejudicial to national 
interests it development schemes, 
especially those promising a sound 
return, were stopped. But we. may 
now turn to the question of existing 
facilities 

Yard, Line, and Station 
Improvements 

In the 1920-21 Report, reference 
was made to the remodelling of 41 
station yards, the most important of 
which wen*, at Nagpur, Sealdah and 
Belliaghata, Bezwada, Tondiarpct and 
Poona, and it will give an indication 
of the extensive work involved when 
it is stated that the estimated cost of 
the improvements to these five yards 
is Rs. 2,37,89,649. It is also pointed 
out in the Report that the adminis- 
tration of nearly every railway insists 
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upon the necessity for the pro- 
vision of extended repair facilities, 
larger yards, station improvements, 
more crossing stations, better water 
supply and quarters for staff, while 
the Bengal-Nagpur Railway, for its 
part, is making progress with a big 
scheme for the general improvement 
of traffic facilities which is estimated 
to cost about 2.J erores of rupees. 

U‘t us then see what is being done 
by individual companies, these serv- 
ing to show the general trend of de- 
velopment. The Kast Indian Railway 
is reported from Calcutta to be en- 
gaged on an extensive scheme of 
general improvements. I ''or example, 
the main line from Calcutta is being 
quadrupled between lUirdwan and 
Kharta junction, and the extension 
of a third line to Ondal is under con- 
sideration. lTom Ondal to Burakar, 
the main line is being given an addi- 
tional road, while in certain places 
quadruple tracks are being arranged. 
Naturally, this kind of work brings 
in its train the necessity for enlarged 
capacity at terminal points, and it 
is stated that large additions to 
various yards are in progress. 

The provision of adequate facilities 
in connection with coal traffic is 
recognised to be of vital importance, 
and in the Jherriah coalfield, the 
line from Dhanbad to Bhularitand 
is in course of being doubled, while 
extra vard accommodation is being 
provided at Dhanbad and at all the 
stations intermediate between Dhan- 
bad and Katrasgarh. These altera- 
tions and improvements, with others 
now in contemplation, will permit of 
the effective handling of a greatly 
augmented traffic in the down direc- 
tion, and thus assist the flow and 
accelerate the movement of empty 
wagons from the northern and west- 
ern" directions. Of course, free traffic 
movement is not merely a question 
of station facilities— a point 1 insist 
upon because of its extreme import- 
ance. bine and terminal accommo- 
dation must bear a suitable relation- 
ship to one another, and to improve 
line facilities a large number of new 
passing stations are being laid in, 
and in some localities the line is 
being doubled. 

Bengal-Nagpur Schemes 

The Bengal-Nagpur Railway, as 
indeed most of the other administra- 
tions, has a similar development 
scheme in hand. In this scheme 
figure new lines, extensive improve- 
ments at stations and enlargements 
of workshops, together with the pur- 
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chase of locomotives and rolling 
stock requisite to bring the rolling 
plant up to the required standard. 
Wtth regard to the Vizagapatani 
harbour scheme, it is understood 
that the organisation of a distinct 
company lias been decided upon, and 
that the new company will deal not 
only with the harbour scheme, but 
also be responsible for the con- 
struction of the railway from Rai- 
pur, in the Central Provinces, to 
Vizagapatani. The knglishman also 
reports that the Bengal-Nagpur Rail- 
way lias launched out on a venture 
which is likely to have far-reaching 
effects on the building trade in 
India. The railway company is 
stated to be investing 12$ lakhs of 
rupees in a modern brick factory, 
which is to be erected at Gokalpur, 
near Khargpur. Power for the fac- 
tory will be taken from the Khargpur 
power house, and it is anticipated 
that, by means of the patent devices 
installed in the factory, bricks known 
in the building trade as “ lirst class M 
bricks can be manufactured at three 
to four rupees per thousand cheaper 
than the prevailing market rates. 

The Raster li Bengal and Great 
Indian Peninsula Railways are abo 
pressing on with development schemes. 
In the former case the standard 
gauge line is being extended as 
far as Siliguri, and conversion of 
the metre gauge between Santahar 
and Siliguri being well in hand. This 
district, which is a most fertile area, 
should yield a rich return for the 
company’s enterprise, and avojjl the 
waste of money and loss of time un- 
avoidable when transhipment has to 
be effected. On the Great Indian 
Peninsula, reference may be made to 
the proposals for the reorganisation 
of the operating departments^ in 
order to develop the traffic super- 
visory arrangements on a broader 
and more complete basis. There is 
also the extension of the train con- 
trol system, which has abundantly 
proved its worth, while, as on other 
lines, the remodelling of various yards 
is in progress. 

Considerable improvements have 
recently been made at Bhusawal 
marshalling yard, where the intro- 
duction of semi-gravity shunting ex- 
pedites the shunting operations and 
effects economy in working. This 
busy yard deals with over 1,000 
wagons per day during the traffic 
season, and until the recent altera- 
tions, serious congestion arose at 
busv periods owing to the inadequacy 
of the facilities. Since the shunting 
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neck and sorting sidings have been 
regraded, however, the sorting of 
wagons has been expedited ; in fact, 
it is estimated that fully fifteen 
minutes lias been saved in the sorting 
out of a train comprising forty-five 
wagons, taken on the basis of the 
average number of cuts. 

The Result of the 
Improvements 

While it is yet too early to appraise* 
the result of tlie improvements which 
are now being made in various wavs 
all ove# # the railways of India, it is at 
least pertinent to suggest that the 
decision to spend Rs. 150 Crores 
during the next five years will un- 
doubtedly le#id to very considerable 
improvements in the railway com- 
munications. So far as information 
is available at the time of writing, 
nothing else of an important character 
lias been done in connection with 
the recommendations of the Acworth 
Committee, but it is understood that 
careful investigation is being made 
of various aspects, and that, very 
shortly, an important meeting will 
be held to determine on further steps 
on the lines indicated in the Report. 

One important innovation should 
here be noted. I refer to the appoint- 
ment by the Viceroy of Mr. C. D. M. 
Ilindley, Chairman of the Commission- 
ers of the l’ort of Calcutta, to be Chief 
Commissioner of Railway s. Mr. Hind- 
lev, who was for a long time Agent of 
tlie Kast Indian Railway, has been 
appointed consequent on a recom- 
mendation in the Acworth Repot t, 
and, when he settles down, he should 
be abfe, by virtue ol his wide powers, 
to do much to enhance traffic working 
efficiency. 

If traffic is to be developed-- and 
in India there is tremendous scope for 
development — there must be adequate 
transport facilities, and now, at long 
last, there appears to be a possibility 
for the facilities to go ahead, if ever 
so slightly, of the requirements,, and 
not lag behind as in the past. That 
is the obvious direction in which 
development should be hastened, for 
the growth of India’s industry’, the 
continued t advancement of her agri- 
culture — and, in fact, the whole of 
.India’s material progress, must go 
hand in hand with railway expansion. 
Other forms of transport, such as 
road and air, wil^ tend to become 
more comprehensive and more useful, 
but \t is indisputable that for the 
real transport work of a* nation, rail- 
ways constitute the main arteries— 
and will long continue to db so. 


I D U S T R 1 A. I IN D — 1 — A 


Recent '“Garratt” Patent Locomotives 

Some recent developments in the well- known “ (uirraU design 
of Locomotives, by courtesy of the “ Railway hngineer. 


I N 1909, the first “Garratt” 
patent locomotive was designed 
and built by Be/er, Peacock & 
Co. Ltd , for the 2 ft. gauge line 
of the Tasmanian Government 
Railways, known as the North hast 
Dundas Section. This engine was 
naturally of relatively small size, 
although of great tractive effort for 
the gauge. It was of the plain 0-4-4-0 
type with compound cylinders, high 
pressure 1 1 in. by 10 in., low pressure 
17 in. by 10 in., wheel 2 ft. 71 in. 
diameter, and of a total weight, full, 
of 33 £■ tons, with a tractive effort of 
14,3341b. at 75 per cent, boiler press- 
ure. Since that time the “ Garratt 
locomotive has been greatly de- 


gauge, as the water and coal are 
carried on the engine frames. This 
latter construction is also an essential 
feature of the “ Garratt ” patent, 
and the weight of the tanks, etc., 
being directly on the engine units, 
conduces to their steady running. 

An indisputable advantage arises 
from the method of carrying the 
boiler in a long girder frame unen- 
cumbered with tanks, etc., and away 
from the wheels, for the reason that, 
apart from the practically unlimited 
size of the boiler, its construction is 
on the simplest possible lines with 
large water spaces ; the copper stays, 
etc., are readily reached for inspection 
and repairs, while the washing out 


weights of the parts of the vehicle, 
and their effect upon the wheels. It 
is obvious that the weight of the 
boiler and the girder frame must be 
carried on the engine units or bogies 
at such a point, as will balance the 
weights of the cylinder, frame, tanks, 
etc., which lie towards the outer end, 
and to provide the necessary weight 
on the innermost wheels. 

The weight distribution is naturally 
affected by the gradual consumption 
of the fuel and water, but as they 
constitute only a small proportion of 
the total weight of the locomotive, 
the variation of the adhesion weight 
on the wheels is not a serious problem, 
and is certainly not more so than in 



Express Passenger locomotive 


Garratt " System* San Paulo Railway, Brazil 


veloped bv the holders of the patent, 
Beyer, Peacock & Co. Limited, 
until the latest example weighs 133| 
tons in working order, and has a 
tractive effort of 47,385 lb. at 75 per 
cent, boiler pressure. 

It might, perhaps, bc # well to say 
that the “ Garratt ” locomotive is ot 
the articulated type with two separ- 
ate engine units or bogies connected 
by a frame carrying the boiler. I n- 
likc any other, form of articulated 
engine, however, these units are 
placed one at each end of the boiler 
frame, which is thus left free to 
accommodate the boiler, the size of 
which is only restricted by the landing 


doors, etc., are unusually accessible. 

As there are no axles under the 
tirebox, this can be made of any 
reasonable desired depth and volume, 
and this feature combined with the 
moderate length of the tubes, has 
much to do with the excellent steam- 
ing qualities and economy in fuel 
obtained in actual service. 

The ashpan also is very accessible, 
as not only are the euds fitted with 
the usual air admission doors, but 
each side has a large cleaning door or 
doors. 

The location of the pivot connection 
on the engine frame is determined by 
accurate calculations of the various 


the case of a normal type tank 
engine, in fact, when the engine is 
empty -a condition in which, of 
course, it could not work there is 
always sufficient adhesion weight for 
the tractive effort, so that the weights 
of the fuel and water are, in fact, only 
so much extra adhesion weight ; this 
is a poiii^ to l>e clearly recognised. 

It is a mistaken, but rather common 
idea, that the primary object of the 
“ Garratt ” engine is to provide an 
articulated engine for the easy ne- 
gotiation of curved lines, but while 
this is a valuable function it is not 
the main object of the design, this 
being the provision of engines of a 
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range of power unattainable with the 
conventional combinations of wheels 
and a super- imposed boiler. As all 
designers of powerful engines know 
only too well, the trouble is in pro- 
viding a boiler to meet the required 
demands ; the results being boilers 
of expensive construction, embody 
ing very long barrels-- of questionable 
value -wide and shallow fireboxes 
with combustion chambers, the latter 
introducing many additional joints. 
All this is remedied in the " Oarratt ” 
* locomotive, in which the boiler is 
made on the plainest possible lines, 
while providing a grate which, of 
reasonable length, has ample area 
for the economical burning of the 
fuel, as its width can extend to the 
full diameter of the barrel, or more 
if required, while the depth is variable 
to suit the class of fuel to be burnt. 
The large firebox volume guarantees 
perfect combustion and a high evap- 
orative efficiency is ensured by the 
large surfaces which collect the radiant 
heat of the fire. 

For lines having a light permanent 


way, or a bridge or bridges for which 
the permissible weight per foot run is 
very restricted, the “ Oarratt ” engine 
offers a solution of the high-power 
engine problem, as its weight per foot 
run is, for equal power, .the lowest 
obtainable in any locomotive. 

In construction, the “ Oarratt ” 
locomotive is the most simple form 
of articulated engine, as, by virtue 
of the correct weight distribution, 
no spring controls, either vertical or 
lateral, are necessary. Apart from 
the ball joints on the steam pipes, 
there are no complicated details differ- 
ing from the ordinary locomotive, in 
fact, the “ Oarratt ” locomotive is in 
reality only two engines with one 
boiler. 

Regarding the ball joints, we under- 
stand that with the design used by 
the makers absolutely no troubles are 
experienced, and the joints run from 
general repair to general repair with- 
out attention, thus disposing of the 
old bugbear of articulated engines. 

Another valuable feature of “ Oar- 
ratt ” engines is, they are true 


“ double-enders,” being able to run 
with equal facility in either direction, 
so avoiding the necessity for long 
turntables, and saving the time ex- 
pended in turning round, an im- 
portant item when working a 
“ shuttle ” service. 

Objection has been raised by some 
engineers to the long steam and ex- 
haust. pipes, but in actual practice 
these are not found to be a disadvan- 
tage, and we have seen indicator 
diagrams, taken from a series of 
“Oarratt" engines in main -line 
traffic, in which the cards from the 
hind cylinders show practically no 
difference from the front cylinders 
in the height of the steam and back 
pressure lines. 

4 n order to show the development 
of the “ Oarratt ” locomotive, and to 
indicate some of the various conditions 
for which engines of this type have 
be*n constructed, we reproduce photo- 
graphs of recent examples, for the 
originals of which we are indebted to 
the courtesy of the builders. 

(To be continued .) 
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T'he Container Car 

H ’c publish ht lou » extracts taken from a letter of one of 
our renders, which emphasises Jhe value of the. container 
ear in transferring goods from one gauge to another 




T HU interesting article in 
your May issue “ Tlic 
Container Car on American 
Railways " opens with the 
caption, “ The successful 
utilisation of container tars on Ameri- 
can Railways prompts consideration 
as to whether this class of vehicle, 
and its related operating methods, 
might not advantageously be intro- 
duced on the Indian Railways in 
their improvement schemes." 

While your paper brings out most 
clearly the advantages seen by Ameri- 
can railway men, most of which should 
apply with equal force in India, it 
seems to me that there is another ad- 
vantage in the system, not applicable 
in America, but peculiar to India, 
one which would recommend it to 
those who face the present shortage 
of funds for capital expenditure. 

India has a serious problem which 
America does not have, in the exist- 


ence of two gauges, a broad gauge 
suitable for trunk and terminal lines, 
and a metre gauge suitable for ex- 
tension from the broad gauge rail- 
heads into districts of light traffic. 
The problem is whether to further 
extend the broad gauge, greatly re- 
ducing the number of miles that can 
be built, but providing unbroken 
routes to the ports ; or whether to 
extend the metre gauge, opening up 
far more new territory, but subjecting 
all through traffic therefrom to the 
delay, expense and risk of a piecemeal 
tiansfer from one set of wagons to 
another at the broad gauge junctions. 

Imagine, then, a set of container 
ears quite similar to those described 
and pictured in your article, but with 
the containers of such horizontal 
dimensions that the long side of the 
rectangle should be proper for the 
width of a standard-gauge wagon, and 
the short side of the rectangle should 


be proper for the width of a metre- 
gauge wagon. This rectangle would 
be iti the neighbourhood of six feet 
six inches by nine feet, not unlike the 
type successfully in use in America. 
Then the transfer at the junction 
point would consist of lifting (say) six 
containers off a broad-gauge wagon 
on which they take up a space 1) feet 
by 39 feet, and replacing them end- 
wise on two metre-gauge wagons, each 
providing a space (U feet by 27 feet. 

At the ideal junction point there 
probably would be an overhead 
gantry crane, spanning several broad- 
gauge and several metre-gauge tracks, 
and one or more classification plat- 
forms. The transfer would be a 
matter of minutes only, all risk ot 
pilferage would be eliminated, and 
perishable goods would be subjected 
neither to delay nor to the deteriora- 
tion that must conic from handling 
piece by piece. 

Such a system, then, by removing 
so many of the bugaboos of the 
transfer station, would strengthen the 
argument for extending the metre 
gauge, at least temporarily. Thereby, 
so much money could he saved on 
road-bed construction, that the adop- 
tion cf the container car, instead of 
belonging to the class of luxuries 
which would be well received were it 
not that they call for initial expendi- 
ture from a lean purse, would become 
the determining factor in reducing 
the sum total of expenditure neces 
sarv to reach and serve a given num- 
ber of points. 


AmonjJ the numerous suggestions 
for utilising rubber, few are more at- 
tractive than the proposal to make 
rubber a constituent of paper. The 
means by which this may be success- 
fully done have been worked out by 
a British inventor, who lias made 
experiments on a considerable scale. 
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Loco m-o t i v e 


Building 


An interesting description of the works of 
Messrs. H\ ('. Bagnall Ltd . , Stafford 


I N the following brief notes we 
give an outline of the works of 
Messrs. W. 0. Bagnall Ltd., 
Castle Ktiging Works, Stafford, 
Kngland, one of the best known 
firms of locomotive builders in Great 
Britain. 

The products of these works are 
not by any means unknown in India, 
the firm having supplied a large 
number of locomotives of the first 
class for the Bengal North-Western 
and Rohilkund and Kumaon Rail- 
ways of India, and other locomotives 
to the Bombay, Baroda and Central 
Indian Railways. In addition, this 
firm's products are known practically 
all over the world where railway 
transport is called for. 

In addition to the manufacture of 
locomotives, however, they specialise 
in side tipping wagons, steel sleepers, 
railway points, and associated pro- 
ducts. 

Extent of the Works 

Some idea of the extent of the 
works may be gathered from the fact 
that the shops stand on a site of eight 
acres, which consist of five acres of 
buildings. 

These buildings are laid out in 
accordance with the experience of 
modern practice, and are designed 
to give every facility for the efficient 
handling of the products of the firm. 
The whole of the buildings are well 
lighted both naturally and artificially, 
and are supplied throughout with a 
positive system of air warming for 
the winter months, the same system, 
of course, being utilised in the summer 
time for a constant supply of fresh, 
cool air throughout the works. 

The main erecting shop has been 
specially designed for the, efficient 
assembling of locomotives, and ad- 
joining one side is the fitting bay 
which runs the whole length of the 
shop. On the other side is the 
machine shop, and adjoining, but in 
a central position, is the tool room, 
and it will be obvious that this 
arrangement must be a very eon- 


venient and efficient one for the 
easy handling of the many parts 
which complete the locomotive. 

The tool room is very completely 
etpiipped, and is of sufficient capacity 
for producing the whole of the tools 
used in the works. This, again, is a 
feature of modern machine shops 
which is of the greatest importance 
if high-class work is to be carried out 
with speed and accuracy. 

The iron and brass foundries are 
completely equipped for making all 
the different eastings required by the 
firm, and here again, these shops are 
fitted with all the necessary mechani- 
cal appliances for rapid and efficient 
work, such as overhead cranes, ram- 
ming machines, etc. 


1- round Tipping Wagon 


The equipment of the boiler shop 
includes radial and horizontal drilling 
machines, cranes, presses, pneumatic 
hammers, and riveters, and also a 
modern oxy-aeetylene welding plant. 
The installation of most of these 
items is clear; evidence of the up-to 
dateness in this particular ‘depart- 
ment. In the machine shop proper 
both light and heavy tools are in- 
stalled, and they are arranged in 
such a manner that all similar tools 
are grouped together, such as lathes, 
planing machines, milling, and drill- 
ing machines, etc In practically each 
case., one group of machines forms a 
bay in itself, which makes a very” nice 
and symmetrical arrangement and 
has obvious conveniences. 




279 
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Locomotive for BengiA and North Weatem and Rohilkond and Kumaon Railway* 
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Other departments include the 
well-equipped pattern shop, special 
brass finishing shops, case hardening 
shop, smithy, and, of course, a very 
extensive stores department. 


• • 

out by this firm, and, as we have 
already recorded, their locomotives are 
known throughout the industrial world 
There is one other point to which 
we would draw special attention, 


mands which were made upon them 
in relation to transport plant, and 
this is a point well worth keeping 
in mind by overseas buyers, as there 
are so many cases in which special 


,4 



Square top l ipping Wagon 

*' The actual products of this firm do 
not call for any detailed attention in 
this brief summary of the works itself, 
but our illustrations give a clear idea 
of the class and quality of work turned 


namely, that the firm have not only 
gradually kept their whole plant 
abreast of the times for specialised 
manufacture, but it has also been 
their aim to meet any special de- 


problems are involved, and it is not 
every firm which is equipped oil 
modern reproduction lines which is 
specially prepared to accept instruc- 
tions for building special plant. 


’An Electric Train Recorder 


A simple and ingenious instrument 
for checking train movements was 
recently devised for an overseas rail- 
way by a Brjjtish firm. A record is 
automatically made on a horizontal 
drum which is driven by a clock. A 
long screw in front of the drum moves 


a pen slowly across the paper wound 
over the drum, and this pen carrier 
is controlled by electric magnets 
which are operated by the train as 
it passes over a special contact on 
the track. As each .train passes this 
point, the magnet pulls the pen in 


one direction or another, according 
to the train movement. The diagram 
thus gives a continuous record of the 
trains passing a particular point in both 
directions. One advantage of this in- 
strument is that it may be'placed at any 
convenient spot away from the track. 
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Recent Machine Tool Developments 

for Railway Workshops 

In the following article we give some of the leading details of a new Railway 
Wheel Lathe , and Pneumatic Riveter for locomotive boiler work. These 
two machines are sold by Messrs. Alfred Herbert Ltd., of Coventry, to 
whom we are indebted for the loan of all the blocks used for the illustrations. 


T il 1C turning ot railway wheels 
has developed into a fine art 
in that the modern lathe 
used for this purpose has 
been carefully thought out 
step by step as a result of practical 
experience, and as will be seen from 
the description below, every little 
detail has been specially designed 
with the object of convenience and 
speed of handling, the result aimed 
at being to complete the work at the 
lowest possible cost. 

This new railway wheel lathe has 
been developed by Messrs. Alfred 
Herbert Ltd., in collaboration with 
Messrs. Noble & bund, who are 
the actual builders of the machine. 
The first and experimental machine 
was supplied some little time ago to 
the Cowlairs Works of the North 
British Railway, and the firm’s rail- 
way expert has recently been up at 
these works to discuss its performance 
on various classes of work, and we 
understand that the North British 
Railway management are extremely 
well pleased with the machine. They 
have given the following particulars 
of its performance 
The machine is being used for re- 
turning worn wagon wheels, and the 
average production obtained con- 
tinuously is 1(> pairs per 8 hours. 
The rigidity of the machine is in- 
dicated by the life of the cutting 
tools We are informed that the 
rough turning tools tipped with 
high-speed steel turn an average 
of 80 pairs of wheels before re- 
grinding, while the full breadth form 
tools used for finishing l£^t approxi- 
mately a month without being re- 
ground, during which time about 
400 pairs of wheels are dealt with. 
This, we think, is a point that will 
very stronglv appeal to every railway 
shop manager. 

Another special feature which the 
users are pleased with is the elimina- 
tion of tool changihg during opera- 


tions, as will be noted from the de- 
scription that both the roughing and 
finishing tools are secured in the tool 
rest together, and are brought into 
cutting position by movement of the 
tool-holder, thus the only time that 
the tools need be unclamped is for 
re-grinding. 

The machine under discussion has 
a capacity of 30 in. to 48 in. diameter, 
but the firm are now designing ma- 
chines for dealing with locomotive 
driving wheels, and having a capacity 
of 90 in. diameter. 

In a recent test, several pairs ot 
30 in wagon wheels were returned 
in a fioor to floor time of 18 to 20 
minutes. The amount of metal re- 
moved varied from l in. to J in. on 
the diameter. The treads and the 
tops of the flanges were rough turned 
with a coarse feed, the finishing being 
accomplished with form tools the full 
width, including flange. • 

The bed is a box casting weighing 
twelve tons, and is 30 in. deep by 
22 ft. long by 5 ft. 8 in. wide at the 
driving headstock end. The great 
width provides a very rigid support 
for the headstock. 

The drive is 50 H.P. variable speed 
motor mounted on the top of the fast 
headstock, and direct connected to 
the headstock gearing. Two speed 
changes are obtainable by sliding 
gears, which, in combination with 
the variable speed motor, give a wide 
range of speeds. 

Push button control enables hard 
spots on the tyre to be machined at 
a slower speed than the remainder of 
the periphery. The motor can thus 
be started or stqpped, or the speed 
varied as required without the 
operator moving away from the tool 
rests. 

The driving shaft is of chrome 
nickel steel of large diameter, heat 
treated to resist torsion, and is sup- 
ported by four bearings, one being 
between the two face plates. 


The main spindles are ol a .special 
quality close-grained cast jron, and 
unusually large. Thrust is taken 
against the back ol the headstock on 
special gun-metal plates arranged 
with a series of pockets, which, as the 
plates revolve in an oil bath, auto- 
matically lubricate the faces. Heavy 
face - plates driven by cast - steel, 
machine-cut, double-helical gears are 
bolted to the spindle flanges. The 
wheels are driven by four dogs oil 
each face-plate. These dogs are of 
hardened steel, have serrated teeth, 
are compensating, and automatically 
adjust themselves to the tyre under 
the cut. They cannot slip. 

The main spindles are fitted with 
internal steel sleeves, which are used 
as push-out collet chucks, the wheels 
being centred by the grip exerted 
upon the axle journals, which are 
fitted with split C.I. liners. Adjust- 
ment of the sleeves is effected b> 
large hand wheels at the ends of the 
machine. To facilitate handling when 
a run of wheels of the same axle 
dimensions is undertaken, these 
sleeves are spring impressed, thus 
reducing the adjustment to an ab- 
solute minimum. 

The feed motion is obtained by a 
pair of bevel gears mounted on the 
main driving shaft, close to the 
centre bearing. A shaft is disposed 
therefrom across the bed between 
the two tool rests. At the opposite 
end of tills shaft is mounted a small 
crank disc, which, by means of rods 
and levers^ actuates a ratchet motion 
on each tool rest. 

The feed can be quickly varied by 
revolving a slipped plate, which allows 
the ratchet pawl to advance the feed 
screw at six different rates. The 
feed is geared up "to move the tool 
rest six times per revolution. The 
facility with which the* feed can be 
varied on either tool rest is very 
valuable when obstinate *tvres are 
met with. 
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Heavy Uuly 4H-ln Railway Wheel Lathe 


The clamping of the tailstock is 
effected automatically by wedge pro- 
jections on the front of the tailstock, 
which are forced into pockets on the 
saddle and the rear slide of the bed. 
The tailstock is traversed by a 
7| H.P. reversing motor operating 
through specially designed friction 
clutch and t rain of gears to a re- 
volving nut working on a fixed scr£w 
in the bed. This mechanism is 
mounted on the tailstock itself, thus 
saving floor space and keeping the. 
motor out of the dirt it is usually 
covered with whim fixing at the’ end 
of the bed. # 

The design of the tool rests has had 
special consideration, and they li^ve 
been made very massive to resist the 
heavy cutting strain. 

They are arranged to swivel to suit 
any angle of wheel tread, and fitted 
with a bottom slide which can be 
moved to suit varying diameters of 
wheels. The top sides are steel cast- 
ings arranged to carry roughing and 
forming tools side by side, which tools 
are held by powerful toggle levers. 
By this arrangement tool changing is 
eliminated, except for re-grinding. 

The form tool and holder are 
of special design, as shown by 
sketch. 

Each rest is ‘provided with a 
graduated scale and adjustable 
pointer, enabling the same depth 
of cut to be put on each wheel with- 
out measurement. 

The lathG is fitted with a tfammel 
bar for comparing the size of each 
wheel in a pair. 


All gears are of high tensile 
steel, with the exception of the 
motor reduction gears, which are of 
cast iron with raw hide pinions. 

The equipment includes one pair 
of collets bored to suit any specified 
diameter of axle, one set of tools 
(comprising two high-speed steel 
roughing tools) and two form tool 
holders complete with high-speed 
steel blades and necessary spanners. 

A self-contained hoist fitted with 
an electric pulley block for raising 
wheels to the centres can be supplied 
at extra cost. 

Vulcan Pneumatic Riveter 

Turning to the description of the 
Vulcan patent pneumatic riveter, this 


machine has been evolved to over- 
come one of the principal difficulties 
in the handling of pneumatic tools, 
namely, the great weight which has 
to be operated by the physical efforts 
of the workman himself. This ma- 
chine was, therefore, designed to do 
away with this, and the only work 
that the operator is called upon to 
perform is to set the two hammers 
in correct relation to each other to 
operate the air valve and to rotate 
the snap during the riveting operation. 

The type of snap used in this 
riveter calls for special mention. It 
is not a plain cup-shaped piece of 
metal, but has three ribs joined in 
the centre and merging into a con- 
tinuous ring of metal on the rim. 





M/A 


View showing method for quickly changing the tools 
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With this type of snap a better 
spreading action is obtained, but it. 
becomes necessary for the operator to 
rotate the snap during the operation 


All locomotive boilers made by the 
\ r ulcan Foundry, at Ni wton-le-W il- 
lows, are riveted with this apparatus, 
amP their reliability b a strong testi- 


mony to the value of this method of 
riveting. The apparatus is also in 
use at many of the other private 
locomotive* firms in England and 
oilier countries^ as well as a few of 
the Railway Companies. 

This riveter has been designed to 
improve and cheapen the riveting of 
copper and steel firebox stays, and 
is suitable for any type of boiler. 
The employment of four men out of 
a gang of six is obviated where the 
usual practice f>f two strikers and a 
holder-up to lay over one head 
obtains.^ 

Method of Working 

The Vulcan riveter forms two heads 
one on fach end of tht stay), 
simultaneously, and in less than half 
the time required to lay over one end 
by hand. It is well known that the 
life of a stay depends on its con- 
ductivity, ensuing from a close con- 
tact between the heads and plates 
and the non-distortion of the threads 
and plates. It is also highly desirable 
that the heads should be of a uniform 
size and shape, and should offer no 
edges to the destructive influence of 
the hot gases and other abrasive 
matter. 

By the older methods of stay rivet- 
ing it was necessary after forming the 
hejjd at one end of the stay, to hold 
up against it. This, of a necessity, 
caused distress to the metal, and 
loosened the threads at the finished 
end. The Vulcan riveter entirely 
eliminates this “ holding up ” opera- 
tion. 

Up to the present time pneumatic 
stay riveting has not been adopted 
to # any great extent, owing to the 
fatigue caused to the workman by 
having to carry the weight of the 
hammer and hose, to supply the 
requisite energy for holding up against 
the stay during the formation of the 
head, and having to absorb the vi- 
bration and other strains set up 
thereby. It will be seen from the 
illustration of the machine that all 
these strains are absorbed in the 
yoke itself. 

The attachment used in conjunction 
with the machine is in the form of a 
snap, but instead of being cupped in 
the usual way, it* is provided with 
ribs which merge into a continuous 
ring just when the tool is brought 
into contact with tlie plate. By a 
slight oscillating movement imparted 
to the* tool by hand, the first blow 
tends to spread the metal, and as the 
riveting proceeds, a larger silrfaee of 
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the stay is automatically brought into 
contact with the ribs and continuous 
rim, and the weight of the blow is 
thereby decreased in tfiat ideal 
graduation which is necessary for the 
formation of a perfect head and finish. 

The pneumatic hammers, which 
are of special construction, are 
mounted in breeches in such a way 
as to be instantly removable in the 
unlikely event of a breakdown, by 
simply unscrewing the lock nuts. 

The hammers can® be set and 
locked at any desired angle by a 
worm gear and locking deviy. The 
machine is also provided with a worm 
gear, which enables the operator to 


sling it in any desired position, and 
which makes it possible to undertake 
any class of work without difficulty. 

The boiler is turned on its back for 
operating, and the yoke lowered into 
position. A man is stationed at each 
hammer, which he screws up against 
the stay by means of the levers. The 
hammers are then set to work by 
pressing the throttle naive rod, and, 
at the same time, the cups are 
rotated through approximately 100 
deg. to ISO deg. by their handles. As 
the heads are formed, the hammers 
are moved forward up to the plate 
until the operation is completed. In 
the event of one head being formed 


before the other, a sufficient “ holding 
up " pressure is maintained by the 
idle hammer while its cup is still being 
rotated. 

The equipment consists of a yoke 
and the necessary fittings, and two 
specially constructed pneumatic ham- 
mers complete with cups to suit the 
diameters of the stays, which should 
be specified when ordering. 

It is advisable to keep a few spare 
cups of various si/.es, and a spare 
hammer for each machine. 

To obtain the best result in sling- 
ing, it is necessary to sling the riveter 
from a suitable crane to give freedom 
of movement and ease of operation 


Vestibules 


or Flexible 


Gangways 


for Railway Rolling Stock 


The vestibules described in /his article arc manufactured 
bv the patentees, Messrs. Beckett, Laycock and Watkmson 
Limited, London, under their trade mark “ Bcclavval.” 


W ITH the increasing de- 
mand for corridor coaches 
to meet modern .condi- 
tions, there has arisen a 
consequent call for vesti- 
bule connections or flexible gangway 
connections for use in conjunction 
with same. 

At the present time there are 
various designs of the latter, adapted 
to suit particular coach-ends, but 
these may be classed, with modifica- 
tions, under two headings — the angle 
frame pattern, and the flush or fric- 
tional face plate type. 

• The illustrations shown in this 
article are two styles of the. former. 
It will be seen that thes^ vestibules 
are clamped together by hand, and 
the clamp held in ^position by a link 
and shackle. 

That illustrated in Fig. 2 is of the 
frictional face pl^te contact type, and 
instead of being coupled by hand, 
this is performed automatically, the 
face plates* of opposing vestibules 
being held in frictional contact by 
overhead piston rods and compression 


springs, and below by buffer stems 
and compression springs. 

The Diaphragm 

One of the most important factors 
in the efficiency of a flexible gangway 
connection is the diaphragm, and in 
the Beclawat design the chief feature is 
its sloping top and corners, made from 
fire-, water-, and acid-proof canvas 
which will not allow the accumulation 
of cinders or water. The folding 
action of the sloping top and comers 
is made along a straight line, which 
prevents wear and the Subsequent 
bursting at these points. The dia- 
phragm is in two sections, the 
adjoining edges being stitched to- 
gether, anti the seam strengthened 
by a one-piece angle iron frame on 
one side and a flat strip on the other, 
the whole being riveted together with 
japanned brass rivets, or it is some- 
times wired. This angle truss serves 
to retain the diaphragm in its correct 
shape, prevents sagging, and protects 
seam edge from the weather. 


All joints at top and edges stitched 
and bound with leather ; the feet 
bound with chrome leather prevents 
wear and splitting. This diaphragm 
can be supplied to fit any coach 
frame, and with extra folds if desired. 

In Fig. I is illustrated a form of 
the hook and shackle type vestibule, 
which is suitable for the smaller style 
of rolling stock. The face plate con- 
sists of a one-piece angle iron frame 
lined with ash strips, to which one 
end of the canvas diaphragm, of the 
plain loose hanging type, is securely 
fixed. The other end of the dia- 
phragm is fastened to an ash frame, 
being bolted to the inside of opening 
in coach end. 

This vestibule is protected against 
cinders and water by a separate 
chrome feather hood covering the 
top, bolted to the front and rear 
frames. 

The latter are connected by two 
leather encased tension springs fitted 
inside at the top corners, which act 
as centralisers in working. A hook 
is attached to the front angle, and 
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when the latter is pushed back, en- 
gages in an eye on the coach end, 
retaining vestibule in that position. 
The top chequered foot plate is 
fitted with a hinged trap door which 
permits access to the coach coupling 


lock while vestibules are connected. 
The angle frames of two opposing 
vestibules are clamped at both top 
and bottom, one movement of the 
hand lever operating both clamps. 

We show in Fig 2 what known 


as the Pullman type of vestibule, and 
is preferable for the heavier type of 
railway coach. 

The face plate is perfectly flush 
on the front side, and is held iti fric- 
tional contact with the opposing 
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vestibule by overhead pistou rods The lower buffer stems are eon- The diaphragm is of the vee-section 

and compression springs housed in nected to the bulTer face plate by type, and consists of canvas strips 
suitable boxes which are firmly fitted means of a hinge bolt, the rear end sewn together at the edges, the top 

to the coach woodwork, the vestibule of the compression springs usually corners being separate, stitched to ' 

end of pistons having a ball and abutting on a compensating beam sides and top, and joints bound with 

socket connection facilitating free which serves to centralise the leather. 

movement when coaches are negotia- vestibule under all running con- A chequered foot plate is supplied 

ting curves. ‘ ditions. to suit coach.end frame work. 
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The Electrification of English Main Line Railways 

< 

(('onlinitcd from piny 225.) 


M r. j. a. hookman 

( I ,< >con loti vc I vn gi net* r , 

North Staffordshire Rail- 
way) remarked that he 
did not understand what 
was meant by not pooling steam loco- 
tives ; as far as his experience went, 
everybody pooled engines. The man 
only worked for eight hours, but the 
engine for twenty hours. He dis- 
agreed with the statement that one 
• hour was allowed for getting the 
engines ready, he thought thirty- five 
minutes was about the average time 
usually allowed. 

The advantages claimed for electric 
working might be placed under four 
main heads: — (l) Great reserve of 
power, giving much higher acceleration, 
also greater speed on rising gradients ; 
(2) convenience of dealing with trains 
at terminal stations, and avoidance of 
necessity for turning engines ; (3) 
practically no time required for engine 
duties, and none for taking coal and 
water, so that the same traffic could 
be worked with fewer engines and 
fewer men ; (4) actual economy in 
cost of producing the power required 
and in repairs and maintenance. 
Higher rate of acceleration and a 
greater reserve of power were possible 
with electric motors than with the 
average locomotive of the present 
day. Although terminal working had 
been much improved by electrifica- 
tion, it did not appear that the best 
was attempted previously with steam. 
A great portion of the life of a steam 
locomotive was- from a revenue- 
earning point of view wasted, and 

the number of electric motors required 
to work a given traffic was consider- 
ably less than the number of steam 
locomotives. The London, Brighton 
^nd South Coast Railway's South 
London line showed a reduction of 
46 kt cent, in numbers of motors 
compaiul w ith number of steam 
locomotives, with a more frequent 
service. 

< 

Power could be generated more 
cheaply in up-to-date power-stations 
• than in locomotive furnaces. The 
following figures were given at a 
meeting cf the Institution of Loco- 
motive Engineers : — 2 lb. fff coal in 
power-station to produce 1 B.O.T. 
tmit ; efficiency of transmission of 


power to dravvbar, 02 per cent. ; 
giving 3.2 lb. of coal per B.O.T, 
unit, or 2.4 1b. per 11, 1\ per hour at 
draw bar. For the ordinary steam 
locomotive the figure varied from 
41b. to Sib. per II. P. per hour at 
draw-bar. The steam locomotive re- 
quired constant inspection, and many 
small repairs had to be done in the 
running shed, and shop repairs every 
20,000 to 100,000 miles, according to 
class. It was claimed that the elect ric 
locomotive required very little in- 
spection and few light repairs, but 
the first cost was greater, and life 
probably less than the steam loco- 
motive, for which thirty years was 
quite a reasonable average. Again, 
adding the cost of repairs to the 
machinery at power-stations and sub- 
stations, and the maintenance of the 
conductors, it was, to say the least, 
doubtful whether experience would 
show any saving on the maintenance 
side. The higher acceleration ob- 
tained with electric locomotives was 
of very small value on long runs, 
though all important where the stops 
were frequent, but the great reserve 
of power, and the capacity of a motor 
to work at a considerable overload 
for some time, enabled a greater 
speed to be attained on an up-gradt* 
than with the steam locomotive, and 
thus increased the average speed. 

Ail objection raised against electri- 
fication was that a whole section 
might be thrown out of use, and the 
traffic stopped, but it had not proved 
a very real difficulty. One advantage 
of electrification was the possibility 
of using regenerative braking— saving 
power and brake-blocks, which varied 
in importance according to the con- 
tour of the line. The cost of brake- 
blocks on a certain railway equalled 
2i per cent, of the fuel bill— pre-war 
4 per cent, to 5 per cent. ; part of 
this would be saved. It was possible 
that further improvements in steam 
locomotives, or the development of 
the internal-confSustion engine, might 
alter the whole aspect of affairs before 
many years were past, thus avoiding 
the large capital outlay required for 
root-and-branch electrification. 

Mr. C. F. Bengough (Chief Engin- 
eer, North Eastern Railway) said that 
a very interesting paper had recently 


been read by Sir Vincent Raven deal- 
ing with the electric locomotive. He 
emphasised the fact that the electric 
locomotive consumed no fuel when it 
was not doing work ; and he pointed 
out that a steam-engine on the North 
Eastern^ Railway occupied 25 per 
cent, of the enginemen's total time 
in ineffective locomotive duties. He 
also referred to the fact that coal 
could be much more efficiently burnt 
at the power-station than in the fire- 
box of a steam locomotive, (hi the 
Shildon-Newport line the cost of re- 
pairing the electric locomotive was 
1.310d. per mile, and steam loco- 
motive od. in one case, and 5.522d. 
in another. There was a great deal 
to be said for electrification, provided 
the necessary power could be obtained 
at a cheap rate. To convey the 
electric current to the train, the 
alternatives were an overhead wire 
or a third rail. In the ease of a line 
electrified on the third-rail system, 
in order to make the sidings safe for 
shunters to work, the third rail would 
hale to be very fully protected, and 
would form a very serious obstruction. 

( )verhead equipment would appear 
to be the only practical form where 
shunting had to be carried on. The 
disadvantages of the third rail were 
increased difficulty in maintaining 
the track, whilst in the case of derail- 
ment occurring on the third-rail side, 
a comparatively slight displacement 
of a vehicle would wreck the third 
rail. The main advantage of the 
third rail was its accessibility. On 
the other hand, to carry out any re- 
pairs to the third rail the current 
must be cut off. The overhead equip- 
ment was an obstruction to the 
working of breakdown cranes in the 
ease of an accident, and heavy gales 
caused the contact wire to be blown 
off the engine bows. But the main- 
tainence of t the track was not inter- 
fered with, and could be carried out 
by the platelayers, without any risk 
of accident. 

In the electrification of the portion 
of the North Eastern main line, 
which was under consideration, it 
was proposed to employ , a pressure 
of 1,500 volts, and the best protected 
third-rail. The three forms were the 
top-contact, such as was used on $11 
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the third-rail system in England, 
except the Lancashire and Yorkshire 
Manchester and Bury (1,200 volts) 

where Mr. Aspinall’s side-contact 

was in use ; and the under-contact, 
which had not been used in England, 
hut was in use in America, with which 
the most complete form of protection 
could be obtained, and the rail was 
most lully protected from ice and 
snow. With the under-contact sys- 
tem, however, there was some diffi- 
culty in providing the necessary 
clearances between the top of the 
protection and the underside of the 
load gauge, and l*tween the under- 
side of the collecting shoe on the 


be too long. There were live wires 
for each track, namely, catenary, 
auxiliary', two contact wires, and one 
fetal-wire. A cheap and efficient 
form of equipment for long stretches 
of track in the country, where it was 
only necessary to span two lines, was 
with supports formed of telegraph 
polos connected by a beam, formed 
of channel sections, for carrying the 
wires. Telegraph poles were, of 
course, largely used for this purpose 
in the States and on the lleysham- 
Lancaster line, Midland Railway. 
Bart of the Shildon-Newport line was 
equipped with only one contact-wire, 
and from their experience they bad 


new motive power, and estimates 
based on conditions unfavourable to 
change might be upset by experience 
of new conditions. 

Mr. Harold Holcroft (S.E. & C.R.) 
wrote that the repairs of the trans- 
mission line and track equipment 
should be charged against the electric 
locomotive, and the cost of running 
it compared not with engines thirty 
years old, but with modern engines. 
The steam locomotive was an inde- 
pendent unit/ not easily put out of 
action by aircraft or strikers. The 
adoption of electric traction would 
bar the way to the use of an internal- 
combustion engine, which needed only 



engine and the running rails. Experi- 
ments were made on the Shildon- 
Newport line with a length of third- 
rail fully protected with wood, and 
with another covered with a bitumin- 
ous compound. The compound ap- 
peared to be the better insulator of 
the two, but with the wood and the 
compound in wet weather, with 1,500 
volts pressure, one would get a very 
heavy shock. The balance of advan- 
tage he thought was with overhead 
equipment. 

On the Shildon-Newport line the 
gantries for carrying the overhead 
wires were composed of steel sections. 
The normal distance between the 
supports was 109 yards (100 metres), 
and this span, on some of the exposed 
parts of the line, had been found to 


come to the conclusion that this was 
all that was necessary. There also 
seemed to be no reason why the 
catenary should not be used as a 
feed-wire. With this type of con- 
struction he estimated a line could 
be equipped quite as cheaply as with 
third-rail, and the maintenance costs 
showed a considerable balance in 
favour of the overhead. 

Mr. 1\ W. Carter (British Thomson- 
Houston Co., Rugby) said methods 
of working wlffch had grown up 
around the steam locomotive were 
subject to the limitations imposed by 
it, and electrical operation would 
conform to its limitations also. Esti- 
mates of performance and expense 
based on steam traffic should im- 
prove with methods suitable to the 


a suitable transmission gear to make 
it effective. 

Dr. 1\ C. Lea said the steam- 
locomotive could not be increased in 
height or width, nor the boiler or 
cylinders made larger while its weight 
and axle loads were limited by the 
cross girders of the bridges. Seventy - 
five per cent, of the weight of the 
electric locomotive could be on the 
driving axles, but only (H) per cent, 
of the weight of the steam-locomotive 
and tender. Portions of the weights 
of the reciprocating masses of the 
steam locomotives could not be bal- 
anced in a vertical direction, and at 
high speeds set up additional stresses 
in cross girders. There need not be 
any reciprocating masses in elec- 
tric locomotives. The steam-loco- 
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motive h;td“ rebelled Jhe limit of its 
power without heavy' expenditure on 
the bridges, but electric locomotives 
could produce higher tractive force, 
and handle heavier trains at better 
mean speeds over existing structures. 
Against the heavy capital expendi- 
ture necessary for conversion to 
electric traction, there would be many 
assets, besides those arising from 
economy in fuel and wages. 

Mr. A. M Taylor said the cost of 
energy was all important, and some 
large stations were producing it at a 
works cost as low as 0.2d. per unit. 
The current so obtained must then be 
transmitted over long distances de- 
manding high voltage. If 100,000 
volts were used in place of 11,000 volts, 
the cost of copper would be enor- 
mously reduced. 

Mr. Alfred Dickinson thought most 
of those who had had any experience 
in the building of hydro-electric plant 
realised that such plant was not built 
for nothing. The capital cost must 
be taken into consideration. There 
were many reasons why hydro-electric 
power would not be very successful 
in Kngland ; one was the cost of land. 
It was not possible to have a hydro- 
electric power station under 20,000 
H.P. which would pay its working 
costs in Kngland. lie Believed the 
application of modern methods in the 
better utilisation of fuel was going to 
be their salvation. 

Mr. R. A. Clint took (Electrical 
Engineer lor the City of Birmingham) 
said that, from the point of view of 
the electric power-station, a railway 


load was a valuable one, because it 
gave a high load-factor. That would 
be a benefit not only to the industrial 
supply from the station, but also to 
the railway supply itsedf. If the 
power-station could be operated with 
a high load-factor, lie thought it 
should be able to supply current at a 
lower figure than that quoted by Mr. 
Smith. The fear had been expressed 
that it would not pay to electrify the 
main lines of railways. Electrifica- 
tion which had taken place so far on 
suburban lines, had, they were told, 
attracted an increased amount of 
li attic. The only way in which it 
could attract additional traffic was 
to make the traffic cheaper or easier. 
It had done so on the suburban lines ; 
why should not the same thing happen 
on the main railway lines both for 
passenger and goods traffic ? These 
points had not been sufficiently em- 
phasised, and they were very im- 
portant ones in considering the ques- 
tion of the electrification of main lines. 

Professor E. W. Burstall said many 
engineers were familiar with Messrs. 
vSul/.er’s experiment twelve or four- 
teen years ago. Mr. Burn read a 
paper on 6th January last at the 
North-East Coast Institution of En- 
gineers and Shipbuilders; in which he. 
advocated combining a direct drive 
from a Diesel engine with compressed 
air for providing the starting torque. 
It might be worth while investigating 
this, before the country embarked on 
costly schemes for electrification. 

Professor William Cramp, D.Sc., 
said speakers bad taken it for granted 


that the traffic on the main lines was 
to be similar, under electrification 
schemas, to that which existed to-day. 
That, to his mind, was to start 
absolutely ift the wrong end. The 
distances between large towns in 
England were, after all, only suburban 
traffic distances, and what was wanted 
was short trains of high acceleration 
and high frequency. That was where 
the railway engineer should start in 
electrification, if he wished to make 
the main lines of England a success. 
If ihc railway engineer would start 
witMali the advantages of electric 
traction, with shorter trains, high 
acceleration, and great frequency, he 
would make the thing a success from 
the outset* Having reganj to foreign 
experience, some of them were dis- 
mayed at the decisions which had 
been arrived at by the Railway Com- 
missioners with regard to their recom- 
mendations as to transmission and 
distribution of electric power. The 
1,500 volt direct current might be a 
success, but this was not the time to 
lay down such a hard and fast regula- 
tion. They should have far more 
elasticity and discussion before they 
were limited in that way. 

Dr. Gisbert Kapp said that, con- 
sidering three - phase locomotives, 
these weighed only 00 tons, and de- 
veloped 2,000 1I.P. No steam-loco- 
•motive could come anywhere near it. 
A line had been at work successfully 
abroad for twenty years on this 
system, which had been adopted by 
# the Italian Government for the Mont 
Cenis line. This system enabled a 
very great density of traffic to be 
handled, whilst great tractive power 
# could be utilised, and old bridges 
could be used without the necessity 
of strengthening them. This ac- 
counted for the enormous traffic 
which the line was . able to carry 
during the war period, especially in 
1017, the traffic in mileage being 
trebled in comparison with pre-war 
conditions. But it had disadvantages. 
One was the lower power-factor when 
running in cascade ; it was now in 
course of improvement by putting 
phase-advancers on the locomotives. 

He wished to emphasise the ad- 
vantages of single-phase alternating 
current of low periodicity. He was 
pleased to hear one speaker say that, 
on the whole, the overhead wire was 
preferable. He also mentioned that 
the tendency seemed to be to use 
1,500- volt direct current. With 1,500 
volts they would not go far ; modem 
electrical firms would be prepared to 
supply motors up to 600 and 800 H.P., 
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which would work with volts 

direct, current, but d H H ) volts would 
necessitate sub stations all along the 
line. H was no use going >n tor* 
half-measures in that way. If they 
computed volts with 15,000 

volts on an overhead wire, they 
would find the diameter of t lie- 
wire need only be half in tin- 
latter case with one-fourth the area, 
whilst the sub stations could be ten 
times as far apart. The sub-stations 
were simply static transformers which 
required no permanent supervision. 
For direct current, three-phase trans- 
mission was tvcommeiided. Inside 
the sub-stations they must have- 
transformers, converters, and a con 
siderable staff. It was true that in 
America they had automatic appara- 
tus, but he did not think in England 
they would trust it. It would be a 
mistake to think that they could save 
a maximum amount of labour by 
usitiK automatic apparatus. They 
could save labour by arranging for 
such plant that it would not require 
to be looked after, and that was the 
way the Swiss were arranging in the 
(fothaid line. There they were 
working on 15,000 volts, Iffjj perio- 
dicity. 

With regard to the quest ion of 
transmitting eleclric power, Professor 
Kapp pointed out that at the present 
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time in Switzerland they transmitted 
the electric power partly overhead at 
15,000 volts, and partly by cable at 
t»0,000. He did not think they could 
do 50,000 volts transmission in Eng- 
land by overhead wire, but they 
could Use 00,000 volts by cable. The 
Swiss cable was a single core, 14.4 
mm. diameter; the di-electric thick- 
ness being * little over l inch. A 
15,000 volts transmission overhead 
along a railway would be no danger, 
because it would be on the Company's 
own ground, and there was no reason 
wny the installation should fall down 
and injure anyone. The objections 
would be the same with all transmis- 
sions ; and it did not matter whether 
one was killed with 15,000 or 5,000 
volts. 

In conclusion, he expressed the 
hope that whatever system was 
adopted, it would only be done after 
very careful consideration, because 
once they had adopted a system they 
could not change it. Moreover, they 
could not contemplate the possibility 
of every railway having its; own 
different system. They might haw- 
different details ; he would not ad- 
vocate for one moment that they 
should stereotype any detail, which 
would kill the possibility of improve- 
ment ; but what they could make 
uniform was the main principle, 
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namely, low periodicity, high voltage, 
and single phase. 

Mr.«C. V. A. Kiev said the railways 
were the military roads nl the country, 
and it was important they should not 
be put out of action by a bomb 
dropped in the generating station. 
He thought a locomotive might yet be 
designed to give an I.H.P. with 10 lb. 
of steam. 

The Chairman, in summing up the 
discussion, welcomed the pertinent 
points raised by Dr. Kapp. There 
were many points with regard to the 
criticism of steam and electric loco- 
motives which might he dealt with if 
there was time but tlv* consideration 
they wanted to lay hold upon was 
whether it was going to pay to electrify 
our main lines. There was no insuper- 
able electrical or mechanical difficulty 
in the electrification of main lines, 
but there was a difficulty in regard 
to the financial side of the problem 
when they wane dealing with a low 
density of traffic. He would again 
quote Mr. A. W. Gibbs, who said the* 
difficulties were more mechanical than 
electrical. The electrical side of the 
problem seemed to be perfectly sound. 
There were certain mechanical diffi- 
culties. One of them, unfortunately, 
had not been touched upon, that was 
the question of low centre of gravity 
and wh'-el arrangement. 


Welfare Superintendents and their Training 


While social workers require to sup 
plement their practical experience 
with a knowledge of economic theory, 
students, on the other hand, require 
to supplement their theoretical know - 
ledge with experience of actual con 
ditious of work in factories. For this 
purpose it will be necessary to secure 
the goodwill of employers. The 
student should endeavour to get 
permission to take up the work of a 
man who is on leave. He may offer 
to enquire into the time-keeping of 
the various departments, and to inter- 
view late comers, but he should not 
ask to be given a post carrying with 
it disciplinary powers, nor should 
the post be a very responsible one, 
but it should be such as to bring 
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him into personal contact with the 
workers. In addition to thus 
getting experience of factory con- 
ditions, the student should also 
undertake some form of social 
service work which will give him 
an insight into the living conditions 
of the workers. 

Much can be doue, and might well 
be undertaken by the Universities, 
both to create a demand tor welfare 
workers and to supply it when the 
need has been recognised. Courses 
of lectures should be thrown open 
to the public dealing with the differ- 
ent aspects of welfare work in con- 
nection with factory management. 
Firms should be invited to allow the 
junior members of their staffs to 


attend such courses. Medical stu- 
dents and social workers should also 
be invited. The possibility of start- 
ing University training courses for 
social workers lias already been dis- 
cussed, but before any regular courses 
can be started, it is essential that a 
good deal of propaganda work should 
be done'. 

In England there are special Uni- 
versity courses-, combined with prac- 
tical work, but in England there is a 
definite demand for welfare superin- 
tendents. Until this is the case in 
India, it is hoped that the tentative 
suggestion made in this paper may 
be considered by University authori- 
ties, factory managers and social 
workers. 
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The French Government Fuel 
Economy Report 

T HFRK has just been pub- 
lished the Seventh Report 
of the Commission d' Utilisa- 
tion du Combustible, which 
gives an interesting account 
of the methods being used in France 
with a view to obtaining increased 
economy in fuel, especially in con- 
nection with steam generation. It 
was soon discovered that the general 
design and management of French 
boiler plants was of a most inefficient 
and indifferent character, and in 
order to try and remedy this state of 
affairs, one of the proposals is to # 
extend considerably the few schools 
in France where instruction can be 
given in the elements of efficient 
steam raising. 

An account is also given of the* 
improved methods that have been 
adopted in a number of the more 
prominent large works of France.. 
At the Forges et. Aeieries de la Marine* 
et (THomeeourt, a system is in vogue 
which includes the collecting of all 
the available data on steam genera- 
tion, and the preparation of weekly 
reports of the performance of the 
boiler plants, together with a central 
advisory bureau in the factory. At 
Messrs. Schneiders’ works, at Creusot, 
a very elaborate system is in vogue, 
with a special centralised staff to 
attend to the scientific side of the 
steam generation. This staff analyses 
all the fuel, and allocates it to the 
many different uses in the establish- 
ment, according to ijts qualities, be- 
sides keeping a close check on the 
consumption. At the same time, a 
bureau of information of every de- 
scription in connection with steam 
generation is being accumulated. ,The 
boilers and generators are directly 
controlled by an operating staff, and 


this section has its own laboratories, 
etc., whilst there is also a very de- 
tailed system of premiums paid on 
results. It is stated that the result 
has been to reduce the coal consump- 
tion of the whole works 15" ,, an 
enormous figure for a huge establish- 
ment such as Creusot, whilst at the 
Bfeuil works of Messrs. Schneider, 
14% has been saved by adopting 
similar scientific methods of control 
of twenty-eight suction gas producers. 

One of the most interesting organ- 
isations in France for fuel economy 
is the Office Ceiitrale de Chauffe 
Rationelle, Paris, established in HMD, 
and founded by various firms inter- 
ested in marine coal, with the addi- 
tion of a Government subsidy. This 
organisation, in the first place, has a 
school, which gives courses of live 
weeks' duration in fuel economy to 
engineers, and also has another less 
advanced course of four weeks for 
firemen. The Office acts further as 
a central bureau for data and informa- 
tion regarding fuel economy, and is 
prepared to design new power plants 
or reorganise existing ones. It also 
has a laboratory, and a small staff of 
engineers to carry out tests and in- 
vestigations into the working of 
boiler plants, and, altogether, appears 
to be doing good work, in spite of its 
small size. There seems to be no 
question, however, that French boiler 
plants in general are not much more 
efficient than, for example, British, 
in spite of the fact that fuel is much 
more expensive and the water-tube 
.boiler is much more largely used. 

A A A 

Boiler Plant Performance Figures 
of Dalmarnock Power Station 

A particularly interesting analysis 
is given in the current number of 


lingiiit't'rin!; of the results nf the 
working of the new Dalmarnock 
(Glasgow) Electricity Station, to which 
we have refeired in previous notes. 
The figures for this station arc of 
great value, because, in the first 
place, Dalmarnock is one of the few 
large electricity stations in Great 
Britain really fitted with proper in- 
struments and appliances for a system 
of continuous record taking per shift 
on the plant. Secondly, it is one of 
tlie very small number of stations 
that have published genuine records of 
the actual boiler plant performance 
week in and week out, and not 
ridiculous test figures taken for a few 
hours under purely abnormal con- 
ditions, so that results like 84 to 85% 
boiler plant efficiency are not being 
obtained. 

Then* is no question that in a 
station of any size it is absolutely 
necessary, for the best, results, to 
take the records of the water evapor- 
ated and the coal burnt in each 
boiler separately per shift, and to 
compare and plot the results with 
great care, so as to keep a proper 
check on the performance. 

The figures now supplied with re- 
gard to Dalmarnock relate to 85 
consecutive eight-hour sliitts, varying 
from 30,000 to 230,000 K.W. hours 
per shift. In the lirst place, the total 
no-load losses are very good, amount- 
ing to about 20,000 lb. ot coal per 
shift, 5,123 lb. to make up losses in 
the boiler plant, and 14,877 11). for 
making steam which does no useful 
work, which, of course, includes all 
the loss due to radiation and con- 
densation in the boiler and turbine 
room. As regards coal consumption, 
when the output is 50,000 K.W. 
hours, during the 8 hours the coal 
consumption averages 105,8001b., or 
2.1161b. per K.W. hour, whilst on 
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a fuel output of 200,000 K.W. hours, 
the consumption was 303,200 lb., or 
1.816 lb. per K.W. hour. The steam 
consumption of the station is 1 1.53 lb. 
per K.W. generated, the no-load 
consumption being 100,000 lb. steam 
per 8-hour shift. The water evapor- 
ated per lb. of coal on the 85 shifts 
works out at G.722 lb., with an aver- 
age heat value of 10,500 B.Th.U's. 
per lb., which, with feed-water going 
into the boilers at 141 deg. F., corres 
ponds to an actual efficiency of 80.9%, 
a remarkably good figure, bearing in 
mind, as already stated, that these 
are genuine working shift figures. 
There are probably very few elec- 
tricity stations In Great Britain, or 
anywhere else, that are actually work- 
ing at over 77 J%, and probably the 
average figure is less than 75%. 

AAA 

A Plant for Briquetting 
Iron Ore 

Messrs. Sutcliffe, Speakman & Co. 
Ltd., of Jyoigh, have supplied to the 
famous Cockerill works at Serai ng, 
Belgium, a plant for briquetting and 
calcining iron ore, to handle 150 tons 
of ore per 24 hours. 

Messrs. Sutcliffe, Speakman have 
made a speciality for many years of 
high-pressure briquetting plant, and, 
as in the case of the “ pure coal ” 
briquettes, of which this firm own the 
patents, the iron ore is briquetted 
without any binding medium, using 
high pressure only. The plant in- 
cludes two briquetting presses, each 
handling 6 to 8 tons of ore per hour, 
the briquettes being 7 in. x 7 in., 
and the ore is conveyed by small 
automatic mono rail buckets, screened, 
and delivered to an automatic feeder 
attached to the presses at exactly the 
rate required by the press. The 
briquettes, as they are automatically 
delivered by the presses, are stacked 
by hand on small wagons, piled two 
rows high, and arranged with a space 
between each briquette, so that the 
heating gases can pass freely round 
each briquette. The wagons carry 
324 briquettes, weighing nearly 2 tons, 
and as each wagon is filled it passes 
to the door of the kiln, and is pushed 
in by a hydraulic ram, the wagons 
already inside moving forward by the 
length of the wagon, and a correspond- 
ing wagon of calcined briquettes being 
discharged at the other end. One 
wagon enters and leaves the kiln 
every 20 minutes, the plant working 
day and night, aud the total time 
required to pass through the kiln is 


12 hours, the kiln being a tunnel 
76 yards kfng and 6 ft 6 in. wide. 
In the first 37 yards of the travel the 
green briquettes are gradually dried 
and heated by the waste gases drawn 
from the firing zone through the kiln 
to the chimney, the maximum heat 
zone being in the next 16 yards. The 
final 23 yards is a gradually cooling 
zone, in which the incoming cold air 
is utilised. J'lie kiln is fired in the 
hot portion by blast furnace gas, 
using hot air from the cooling off 
portion, the temperature in this hot 
zone being 2,280 to 2,370 deg. F. 
(1,250 to 1,300 deg. C.), with an 
oxidising atmosphere and a total 
time of operation of 21 hours out of 
the 12. The calcined briquettes are 
then conveyed direct to the blast 
furnace. It may be stated that 
almost any kind of available gas can 
be used for heating the kiln, and 
producer gas or coke oven gas is 
often utilised, whilst also even direct 
coal firing is another alternative, re- 
quiring about 1 £ cwt. of coal per ton 
of briquettes. 

AAA 

The Use of High-Pressure 
Steam 

There lias been much talk for a 
number of years of utilising con- 
siderably higher steam pressures for 
power station work, but the actual 
progress made has been very slow. 
Much interest, therefore, is being 
attracted by the new power station 
in course of erection at Waukegan, 
111., near Chicago, in which the steam 
pressure is to be 400 lb. per square 
inch, being the lirst plant in the 
United States to exceed 350 lb. It 
may be remarked that there are 
three or four plants in America work- 
ing at this latter pressure, one in 
Paris (Gennevilliers Power Station), 
whilst in England there are two 
plants, one at 425 lb. (North Tees), 
and one at 350 lb. (South Wales). 

The boilers at the Waukegan Power 
Station are of the new “ Babcock & 
Wilcox " design, something on the 
lines of the 41 Babcock ” marine type 
of boiler on the inclined header 
principle, the tubes being in two 
sections, the upper section consisting 
of 17 groups of 2 in. tubes 15 ft. in 
length, and the lower section 8 groups 
of 3 \ in. tubes the same length, the 
superheater being placed between the 
two groups, and consisting of 3 rows 
of 2 in. tubes. + 

The boilers are of very large di- 
mensions, each boiler having 14,086 


square feet of heating surface, with 
2,485 square feet superheater and 
8,837 economiser surface, having 
a normal output of 100,000 to 
120,00ft lb. per hour, superheated to 
700 deg. F. The combustion chamber 
is very high, J 21 ft. 7 in., on the usual 
American practice, the grate area of 
the stoker being 383 square feet, and 
the ratio of the grate to the boiler 
heating surface 1 :37. 

Another new American high-press- 
ure water-tube boiler is that of the 
Power Speciality Co., and Messrs. 
Thos. E. Murray, of which units are 
now working at 225 lb., but which, 
it is Maimed, with very minor altera- 
tions, would operate at 1,000 lb. 
without difficulty. The installation 
consists of tubes »of peculiar design, 
bent into hair-pin shape, between the 
headers, which are very small in 
diameter, whilst the heating surface 
is increased by means of gilled rings 
shrunk on the tubes, each gill being 
composed of five close-fitting rings. 
The installation is arranged with a 
very large steel tube economiser, so 
that the temperature of the exit gases 
leaving the boiler is very high, about 
700 deg. F., the extra heat being 
absorbed in the economiser, which 
increases the rate of transmission in 
the boiler. There is, of course, no 
question, from a theoretical point of 
view, that these “ super ” steam 
pressures are an advantage, since 
once the latent heat of steam loss is 
got over, all the additional heat put 
into the steam is direct gain. The 
trouble is, however, as to what 
exactly is the resulting wear and 
tear on the plant, and it is on this 
point that it is always very difficult 
to get any definite information as 
regards existing high-pressure plants. 

One of the results of this tendency 
to higher pressures seems to be the 
substitution of the cast-iron feed- 
water economiser by the steel tube 
economiser. This would appear to 
be a mistake, as cast iron is much 
more resistant to corrosion than 
steel, and the difficulty of the higher 
pressure could easily be got over by 
placing a turbine feed pump between 
the boiler and the economiser, so as 
to take the boiler pressure off the 
tubes. It certainly would seem, 
although definite information is also 
required on this point, that the 
trouble of the ektra feed pump, to- 
gether with the small extra space 
occupied by the cast-iron economiser, 
is much more thatf ample compensa- 
tion for the corrosion, wear and tear, 
and ’ breakdown of the steel tube 
economiser. 
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INDUSTRIES 

Conducted by FRANK DAWSON. 


THIS SECTION DEALS WITH THE GREAT BASIC INDUSTRIES OF INDIA. 
IN THE PRESENT ISSUE WE DEAL PARTICULARLY WITH MAGNESITE 


The Modern Steam Laundry 

j The data for this article together with all the 

blocks used has been supplied by the courtesy • 

of Messrs . Manlove, Alliott & Co. Ltd. 


I N view of the fact that the 
steam laundry is almost an 
essential of daily life, it is 
surprising that so little is known, 
by the majority of those con- 
tributing to its support, of the 
various processes which obtain, and 
the machinery used in connection 
with the industry. 

It is usually sufficient for the 
ordinary individual to complain, 
should his linen be badly laundered 
or his collars void of that high glossy 
finish which is so desirable, and the 
obtaining of which is the cause of 
more complaint owhig to the ex- 
cessive wear and tear necessitated. 

The equipment of the moderfl 
steam laundry is such as to obtain 
by mechanical means the 
nearest possible approach 
to hand washing, whilst 
the wear and tear on the 
linen, assuming that the 
operators of the machines 
are experienced in their 
manipulation, is con- 
siderably less than ob- 
tained prior to its advent. 

Following the routine 
of operations at a modern 
laundry, the work is first 
of all carefully examined 
and sorted, marked dis- 
tinctively should such be 
necessary, and all white 
starched work, coloured 
goods, woollen apparel, 
etc., divided, so as to al- 
low of each being separ- 
ately dealt with. 

The first operation is 
the washing, which oper- 
ation also includes boil- 
ing, rinsing and blueing, 
all of which are dealt 
with by ad all-metal 
washing machine of the 
type illustrated in Fig. 1 . 


The clothes are placed in an in- 
ternal compartment constructed en- 
tirely of brass plates, perforated to 
allow of free access of son]) and 
water, with each perforation recessed 
and the edges of the holes buttoned 
to preclude any possibility of the 
linen being trapped and torn in any 
way. 

The outer casing of the machine is 
of steel, galvanized, to avoid risk of 
iron mould, and the driving gear is 
arranged with gear which automatic- 
ally reverses the direction of the 
inner compartment every two or 
three revolutions, and thus prevents 
the clothing becoming entangled. 

Contrary to the pre - conceived 
opinion of the ordinary individual, 


the washing is not done by beating 
and knocking about in soapy water, 
but by a gentle rubbing action of 
the clothes upon each other. 

The amount of soap and water co- 
tained in the machine is sufficient to 
cover the clothes, and no more, and 
thus forms a “ flux. ” which permits 
of easy movement of the goods being 
washed. 

After washing, steam is turned on 
to bring the tetupeiature to boiling 
point and maintain it at this tem- 
perature. After this operation is 
completed, the water is run off and 
the cage again filled with warm 
water, which forms the first rinse. 
A second rinse is given with cold 
water, to which blue is added, and 



Fig. 1. Washing Machine 




transferred direct to the ironing 
machines for finishing. All other 
work, such as shirts, blouses, and 
other wearing apparel will be passed 
through the continuous drying room 
!I%'. 4). 

This apparatus is fitted with a 
travelling band, on which the work 
is hung by means of clips at the feed 
side. 

As each row of clips is filled, the 
operator gives the hand wheel at the 
side a turn until another row is 
available, the previous row passing 
into *the heated chamber. As the 
goods pass through the machine, they 
arc subjected to a continuous blast 
of warm, fresh air, which is changed 
several times a minute,, the air 
current being set up by a blower 
sucking up cold air and forcing it 
through heated tubes into the drying 
room. Inside are two circulating 
fans which ensure the air passing on 
all sides of the work. 

On arrival at the delivery side, the 
clips automatically release the work, 


KI|J. 2 . Mnnm-I Washer 

this operation completes the washing 
process, unless table linen is being 
treated, in which case the linen is 
often starched in the machine before 
removal. 

Flannels require very special treat- 
ment, to ensure softness, and to pre- 
vent shrinkage. For this purpose 
the temperature of the water has to 
be controlled so that it is high 
enough to take away the effects of 
perspiration, but not to destroy the 
softness of the texture. The machine 
illustrated in Fig. 2 is an excellent 
example of a type of machine which 
most closely resembles hand washing. 

The centre piece is given a swinging 
motion by means of the crank and 
connecting rod, and the result is to 
squeeze the clothes first against one 
and then the other of the spring 
boards, which yield slightly to the 
pressure. The press is so constructed 
that it gives a slight upward rub to 
the clothes as they arc squeezed. As 
the press recedes, the roll of clothes 
shaped by the press overhangs and 
topples over. The water quickly 
opens up the roll, and a fresh surface 
is constantly presented to the press 
and spring boards. ( 

When the clothes have been thor- 
oughly rinsed, the machine is stopped, 
the clothes taken out and placed into 
the hydro extractor (Fig. II). This 
machine, when revolving at full 
speed, throws off all surplus water 


the perforations in the cage, the 
water being caught by the outside 
('using and conveyed to the nearest 
drain, whilst the linen is retained in 
the revolving cage. All fiat work, 
when so treated, is dry enough to be 


and it is then ready for finishing 
by hand irons or steam -heated 
presses. 

The fiat work, such as table cloths, 
sheets, towels, is fed directly into 
the “ Deeoudun ” ironing machine, 
where it is completely dried and 
finished with a high polish. (Fig. 5.) 



by means of centrifugal force through 


Fiji 3. Hydro Extractor 
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Fiji. 4. Continuous Drying Room 


These machines consist essentially 
of a heated roller, suitably clothed, 
working in a concave steam-heated 
bed. The work is taken round with 
the roller as it revolves between the 
padded service on the roller and the 
polished surface of the bed. The 
result is a highly 
glazed surface on the 
side adjacent to the 
bed. The material is 
at the same time com- 
pletely dried, owing to 
its contact with the 
large heated area of 
the bed. 

Collars, dress shirts, 
and cuffs, are, after 
washing, starched, and 
eventually finished in 
blocking machines as 
shown in Fig. 6. 

The roller in these 
machines is usually 
heated by gas or elec- 
tricity, in order to 
obtain the necessary 
high temperature for 
producing the gloss. 

The glaze is obtained 
by passing the work 
on the table, which 
has a reciprocating 
motion, repeatedly 
under the polished 
heated roller. A layer 
of felt packing is 
arranged on the table 
on which the work is 


placed, whilst the required pressure 
is reached by means of adjustable 
springs. 

The collars, after being blocked, 
are usually (when a considerable 
number have to be dealt with) passed 
through a polishing machine, in 


which two padded rollers are arranged 
with one small hot roller between. 

The collars, being fed between the 
upper padded roller and the central 
heated roll, are returned from the 
other side between the lower part of 
heated roller and the lower padded 
roller. The polish having been com- 
pleted, the collars arc passed through 
a seam dampening machine, and 
then moulded or shaped as required. 
The seams having been damped 
before folding, prevents cracking of 
the linen. After folding, the collars 
are passed through a heated porcelain 
tube into a receiving basket. The 
heated tube gives t lie* final setting 
to the shape. 

liodv linen, flannels, etc., are 
usually finished on steam - heated 
presses. 

The work is placed on a padded 
heated table and straightened out. 
The steam -heated polished head is 
then pulled down and locked for a 
few seconds, after which it is re- 
leased, and the work moved round 
ready for further finishing. The 
gathered parts, or parts which cannot 
be dealt with on the table, are 
finished off by hand. The object of 
this machine is to obtain a more 
uniform finish than is possible by 
hand ironing, and, at the same time, 
increase the output. 
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With the machines arranged in 
tandem, so that as one machine is 
locked the other is released, the 
operator is at work all the time, 
preparing work on one machine 
whilst the other is finishing. In this 
way one operator can do the work 
of about six hand ironers. 

A steaming device is available for 
finishing flannels to ensure softness. 

In addition to the apparatus de- 
scribed, there are various special 
machines, such as goffering rolls for 
frills, and marking machines for 
collars, etc., which are advantageous 
to use where therp is sufficient turn- 
over to warrant the cost. 

For the successful running of the 
laundry, extreme care must be exer- 
cised in marking, sorting and packing 
departments, owing to the great 
annoyance to owners when the work 
is returned incomplete. 

Everything, as received, must be 
checked with the list sent in, and 
marked for identification so that it 
is returned to the sender. 

After marking, the goods are sorted 
in various bins, so that similar goods 
are washed together, as the treat- 
ment naturally has to be varied 


Fig. 6. Blocking Machine 

according to the material of which 
the goods are made. 

For safety in working, all gears, 
etc., are guarded, wherever possible, 
whilst such machines as “ Deeoudun " 
ironing machines are fitted with auto- 
safetv guard, which immediately stops 


the machine should the operator’s 
fingers: get too near to the revolving 
roller. 

It will doubtless be of interest to 
our readers to, have some idea of the 
relative costs of running a 
modem laundry, together 
with presen t-tl ay prices of 
new plant ; the following 
approximate figures, taken 
from a successful laundry 
in England, are therefore 
given. 

Although the running costs in India 
are naturally very different, and vary, 
also, in different districts, the figures 
given will be useful for the purpose 
of giving some idea of the capital 
involved. • 


Turnover (per week) ... ... ^250 

Wages, Salaries ... ... ... 125 

Materials, Soaps, etc 25 

Kates, Depreciation, Kent, etc. 80 

Profit 20 


Average value, 00 pieces to £[. 

Such a plant would cost £3,600, 
with engine and boiler. Building, 
extra. 


The Eastern Oil Fields (ii) 

By SIDNEY H. NORTH, Assoc. Inst. P.T. 

(Continued from page 238) 


I N Hindu-Kush the formation is 
practically the same. It may 
be instructive to those inter- 
ested in this aspect of the 
subject, to reproduce a table 
appearing in “ The Petroleum Year 
Book," 1922, illustrating the similar- 
ity of formation in the most pro- 
ductive fields of the Far East. 

India ■ 

N.W. Provinces ; 

Sulimati Range - Dark shales overlaid 
with cretaceous sandstones*. 

Takhaat in Suliman - Sandstone overlaid 
by limestone of cretaceous system. 
Persia — ■ 

Shales overlaid by coarse sandstones and 
grits. 

Baku — 

Productive strata. 

Shaly marls and fine-grained calcareous 
sandstones. , 


Punjaub 

Striking similarity to Baku strata. 
Burma - 

Soft sandstones and shales of middle or 
lower territory. 

Java 

Middle Miocene ; Few limestones, charac- 
terised by light coloured shales and 
sandstones with conglomerates. 

The nature of the oil obtainable 
from Sherani has a specific gravity 
of .81 (at 15.5 deg. C.), and a flash 
point of 84.29 deg. K. If is remark- 
able that the specific gravities of 
several fractions obtained during 
the fractional distillation of Sherani 
oil are very similar to those of 
Russian kerosenes. The Suliman oil 
has a specific gravity at 60 deg. F. 
of .83, the flash point being 128 deg. F. 
(Abel test). 


Another promising part of Ihdia 
lies in the extreme south-west, in 
Travancore and Cochin. According 
to Mr. H. W. Perry, of Trichinopoli, 
complete combinations of all the 
necessary conditions for the forma- 
tion and preservation of petroleum 
exist in two large deltaic, estuarine, 
and littoral areas on the west coast of 
Southern India. These are, firstly, 
the delta of the Periyar, Ermakulam, 
.and adjacent rivers draining into the 
large lagoons east and north-east of 
Cochin ; and, secondly, the delta of 
the Mavalikaray and other rivers 
draining into the Vembanad Lake, 
east and south-east of the port of 
Aleppy, in Travancore. * 

In both these areas there are the 
same "Lagoons, mangrove swamps; 
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and territorial deposits separated by 
strips of littoral sands from truly 
marine silts and clays/' as are found 
in Trinidad, California, thfc Gulf 
States of America, Borneo, Peru, and 
other oil-producing places at the 
present time, and as existed at Baku 
and in Burma and Mexico, during 
Tertiary times. 

There are, in addition, several much 
stronger and more direct evidences of 
the presence of petroleum in these 
localities. The first of Jhese is the 
evolution of methane, or oil-gas, from 
the upper and less perfectly scaled 
horizons that are characterised Uv the 
presence of lignite. The fishermen 
living and working on the coast near 
the Aleppev and Cochin mudbanks 
will readily point out to *my visitor 
several places both under tanks and 
pools inshore, as well as along the 
beach and from one to two miles out 
in the sea, where bubbles of gas of 
various sizes may be frequently seen 
rising up through the waters. At 
times, when there is a surf and the 
waves recede from the shore and 
relieve the pressure on it, fairly large 
bubbles may be observed bursting 
up through the wet sand at the base 
of the retreating rollers ; and out at 
sea, whenever the hydraulic pressure 
on the margin of the delta here be- 
comes variable through the disturb- 
ance caused by the monsoons, the 
gas bubbles escape more frequently* 
and generally over large areas. 

Indian Deposits 

The existence, therefore, of petrof- 
eum-bearing beds under both the 
Cochin and the Aleppev deltaic areas 
can scarcely be questioned, for all the 
conditions necessary for the forma*- 
tion and preservation of this oil in 
them are markedly present, and they 
also have long and repeatedly exhibited 
all the phenomena indicating the 
presence of gas under pressure, and 
of petroleum itself, that are regularly 
observed in the vicinity of other 
proved oilfields all over the world. 

It is estimated that an area of over 
100 square miles in these parts of 
India is characterised by indications 
of extensive oil deposits. 

Baluchistan is at present an un- 
known land, as far as oil is concerned, 
although several British companies, 
among which is the Burma Oil Com- 
pany, have taken up concessions in 
certain districts. * A few test wells 
have been put down, but without any 
very favourable results. It i£ not 
improbable, however, that with a 
more systematic exploitation, petrol- 


eum deposits of commercial value 
may be discovered. 

Persia - 

We now come to that country 
which, I believe, is destined to rank 
ns one of the most prolific oilfields of 
the world. Its geographical position 
is most advantageous from several 
points of view, one of tlfe chief being 
that it is the gateway to those Far 
Eastern countries whose markets are 
so prospectively immense as to afford 
an outlet for unlimited supplies. At 
the present time, when we speak of 
the Persian oilfield, we think of only 
that portion of the country which lies 
on its southern boundaries, and near 
the shores of the Persian*Oulf. The 
reason for this is that this is the only 
portion which has been opened up, 
and the great value of which is 
proved. The petroleum region of 
Northern Persia is comparatively 
little known, though geologists testify 
to its importance. 

The Southern field traverses several 
large districts, the Maidan-i-Naftun 
zone, the Bakhtiari zone, and the 
Ahwaz-Pusht-i-Kuh. Writing of the 
first named in Oil Engineering and 
Finance, Mr. George Howell remarks 
that the Fars series is partly built up 
of beds of detrital limestone, mainly 
a derivative of the Asmari series, and 
in this region wells all flow under 
strong pressure, and are very long- 
lived. There is one well, known as 
the No. F7, from which the Anglo- 
Persian Oil Company has been getting 
its •main production for some ten to 
twelve years past. The total pro- 
duction from this well during ten 
years has been 4,000,000 tons 
(26,000,000 barrels) ; it is now 
giving at the rate of 2,000 tons 
(13,000 barrels) per day ; the present 
is an increase on average total flow. 
In speaking of this well, it is an 
admitted fact that no other well of 
equal producing capacity and con- 
tinuity has ever been known in any 
field producing the same class of 
light oil ; and it is also an admitted 
belief that the Anglo-Persian Corn- 
pan)' will, when the transport facilities 
become commensurate with larger 
production, be able to bring in many 
similar wells as the No. F7. The 
Maidan-i-Naftun zone is a potential 
field of very great promise, and wells 
drilled in this region, as those pro- 
ducing, will be natural “ flowing ” 
wells of great daily volume, and that 
with this high-producing capacity, 
the cost of producing the oil will be 
correspondingly low. 


The structure of the Maidan-i- 
Naftun, however, was much less dis- 
turbed, and presents a very much 
easier problem for the drill ; and the 
depositions of the Fars series, which 
contain the recognised oil horizons, 
is conformable and undisturbed by 
contemporaneous earth movements ; 
not so with the depositions of the 
Bakhtiari series, which are the super- 
imposed beds of the Fars. There is 
one happy conclusion to make after 
studying the geological data of the 
Bakhtiari country as a whole, and 
that is that the strata contain pro- 
lific wealth in rich stores of oil. 


Mesopotamia 

The Ahwaz and Mishdakh areas (the 
latter fold runs to the west of Ahwaz 
and in a N.N.W. direction) liave well- 
developed structures indicating high 
oil potentialities ; these can be par- 
alleled in oil values with the present 
producing zone of the Anglo-Persian 
Oil Company's activities, and it may 
safely be estimated that these lands 
of Mesopotamian influence (geograph- 
ical sense) will not disappoint the 
drill, and at moderate depths ; no 
deep drilling need, as indications go, 
be resorted to. The oil reservoirs 
may be found buried, unexposed, in 
the extended flanks of the respective 
mountain ranges which border West- 
ern Persia (called by the natives 
Western Iran), and the parallel lime- 
stones of the Zagros mountains. 

It is evident from geological data 
that the district lies well within the 
oil-belt, and forms the eastern section 
of a much-sought-after Mesopotamian 
oil zone. That there is abundant 
concrete evidence of the existence of 
oil, and that the rock-structure, 
although unconformable in a few 
places, is most highly developed, and 
forms ideal reservoir rocks for large 
oil accumulation, is now beyond 
question. The future of this westerly 
field will be watched with the greatest 
interest. 

A brief reference to these two 
further regions is necessary to com- 
plete a somewhat sketchy review of 
Persia as an oil-containing country, 
although at the moment the data on 
hand are not very voluminous, and 
the formations have as many similari- 
ties as dissimilarities ; a repetition, 
therefore, of the rock structures would 
possibly be tortuous. Briefly, the 
island of Quishm is the largest island 
in the Persian Gulf — 60 miles long 
and 8 to 10 miles in width. The 
Upper Far beds, clays, marls, sand- 
stones, and shelly limestones pre- 
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dominate, the strata being divided 
into the t Jppt-r Arenaceous and I/>wer 
Argillaceous groups. There are several 
dome-like structures, evidently pro- 
duced by two sets of yen tie earth 
movements, S.S.K. to N.NLW. and 
S.W. to N.K. respectively. The 
Persi an mainland also oilers phenom- 
ena of great geological interest to 
those searching for virgin oilfields. 
Many seepages have been located 
over the districts examined, but 
before the ground has been “ thro ” 
tested, it is not wise to pronounce the 
verdict ; it is only the future that will 
be able to do that. These consider- 
ations, nevertheless, are only the 
fringes of a powerful oil undertaking, a 
company which, in its activities, has 
grown from the strenuous child into a 
powerful British oil undertaking. 

Little can be said in regard to 


Some 


divide the tunnel up into a number 
of chambers, short titles in the side 
walls being provided to carry the 
gases from one chamber to another. 
In order to ensure the material heat- 
ing throughout its height when piled 
oil the truck, the openings for the 
passage of the gases are only made 
in the lower portion of the fine walls, 
thus ensuring the heating gases flow- 
ing across the lower parts of the 
material as well as around the upper 
parts. Combustion takes place about 
the centre of the kiln, the heating 
gases following a zig-zag path to 
the end that the material enters. 
The cooling air is let into the exit 
end of the kiln, following a zig-zag 
path and becoming more highly 
heated until it reaches the point, 
of combustion. 

Arrangements are made by which 
an excess of air may be admitted in 
order to ensure proper cooling, and 
the excess drawn ofT before the com- 
bustion point is reached. 'l'he trucks 
carrying the material in the design 
shown are 5 ft. long by 10 ft. wide, 
and are travelled 5 ft. at a time. 
Arrangements are made to prevent 
by-passing around the ends of the 
division walls on the truck and over 
the top. 


Mesopotamia, except that surface 
and geologic.il investigations indicate 
it as possessing those features which 
are common to extensive oil deposits. 
# In his recently published great work 
on the petroleum industry, J)r. David 
T. Day, late chief of the U.S. Geo- 
logical Survey, states that a great 
oil region is being developed in 
Mesopotamia, extending from Hit, 
on the Duplicates, to K1 Deir, a dis- 
tance of 200 miles, north-east to 
Hcrboul, near Zakhu, and east into 
Persia. The fields of Mesopotamia 
lie in the valleys of the Lower Ku- 
phrates, Tigris, and Karun rivers, 
north of latitude 30 deg. in the 
Vilayets of Mosul, Bagdad, and Basra, 
and extending north as far as Harbel 
in the Caza of Sakho, 00 miles north 
of Mosul, where Koeene outcrops 
exist. The fields have a general 


New Forms of 

(('oulinued from page 313) 

It will be seen that this design 
greatly reduces the length of the 
kiln, provides for even heating over 
the cross sectional area of the tunnel, 
and removes any difficulty in cooling 
the material. The trucks are sand- 
sealed about at the bottom, and a 
ventilated pit is provided through 
the length of the kiln beneath the 
truck bottoms, so that ready atten- 
tion can be given to any mechanical 
part. 

A problem which was recently put 
up to us was the proper burning of 
large glazed goods in a muffle. The 
material was to be slowly and evenly 
burned at a temperature of about 
1,100 deg. C., and slowly and evenly 
cooled. For this purpose we designed 
an annular circular tunnel kiln, with 
the heating gases muffled. The con- 
tinuity of the tunnel is broken at the 
unloading and loading point, but the 
annular firebrick tray carrying the 
material is continuous and unbroken. 
The heating of the kiln is by means of 
producer gas burned in six horizontal 
flues arranged oik* above the other in 
the side walls of the tunnel. These 
flues being separated throughout their 
length, the intensity of heat to the 
various parts of the kiln is controll- 
able, and an even temperature pre- 


north-west south-east trend, parallel- 
ing Tertiary fields, which lie farther 
east, the oil being found where the 
mountain ranges terminate near the 
ocean. In their geology the fields 
are anticlinal*and domal. The surface 
indications consist of seepages of oil, 
salt and hydrogen sulphide from Mio- 
cene saline gypsiferous marls, lime- 
stones and sandstones, and there are 
additional oil-bearing strata of cretace- 
ous age. The formations mentioned 
are generally accepted as indicative of 
prolific oil deposits, and are similar to 
those existing in Southern Persia. 

It te pretty evident, therefore, that 
those who secure a predominant 
position in the oilfields of Persia and 
Mesopotamia will be well on the road 
to controlling the Far Pastern oil 
trade, and, to a not unimportant 
extent, that of Europe. 


Kilns 


• 

served through the height of material. 
The tray is moved by electric motor 
and gearing 10 ft. at a time, the 
operation taking some 30 seconds. 

The combustion zone is approxi- 
matcly opposite the unloading zone, 
Jnd the heating gases flow toward the 
inlet end for the material. Mechanical 
draught is applied by means of a fan 
and motor. Cooling is controlled by 
Hie admission of air into the muffled 
flues about the outgoing material, and 
a regulated supply of air is admitted 
inside the muffle at the exit end to 
ensure the final cooling. Special 
arrangements are also made for warm- 
ing and removing the moisture from 
the unburned materials as they enter 
the kiln. The chief advantages of 
this kiln are convenience of working, 
elimination of trucks, even heating 
and economy of fuel. One of these 
kilns will be working early next year, 
but the principle has been proved on 
a kiln of similar design forming part 
of a chemical process. 

In designing these kilns we have 
tried, first of all, to grasp the funda- 
mental needs of the manufacturer. 
These, of course, vary very greatly, 
but dnee these needs are fully under- 
stood, the work of design is not so 
difficult a matter. 
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Palm Oil and its Prospects 

Il f arc indebted to Messrs. Manlove, Alliutt Cr Co. 

Ltd., for the loan of all blocks used in tJti < article, 
which illustrate this firm's hand operated plants 


C ONSIDERABLE interest 
has been aroused within 
recent months as fegards 
palm . oil. The scientific 
planting of the palm is said 
to give the same advantages over the 
wild palry in its African koine, as our 
planted rubber has over the wild 
rubber in Brazil. Now that the out- 
look for rubber is by no means cheery, 
it would be a paying proposition for 
the enterprising Indian agriculturist 
to open up a few hundred acres with 
the African oil palm. The amount of 
hand labour required is very much 
less than with rubber, and with the 
improved modern methods of machine 
cultivation the industry is bound to 
prosper. Serious risks have un- 
doubtedly to be faced in attempting 
to establish a new crop ; hence it is 
always advisable foj the cultivator 
to obtain all available information 
before lie invests his capital. This 
article contains a few hints to intend- 
ing cultivators, and it also touches 
on the prices, profits and prospects in 
connection with the industry. This 
information should, however, be <mp- 
plemented by drawing upon the ex- 
perience of other countries. The fact 



that all tropical planters are well 
posted up with a knowledge of agri- 
cultural conditions in the Tropics will 
fairly diminish the risk of under- 
taking the plantation of a new crop. 
Nevertheless, there is always a certain 
degree of uncertainty which should 
warrant caution. The vast bulk of 
palms in Africa were planted hap- 
hazard, and received very little atten- 
tion. That systematic cultivation in 
creases the oil capacity of the fruit is 
exemplified by the Malayan-planted 
palm, which produces a thicker peri- 
carp and also an increased proportion 
of oil than the African fruit. The 
following are some very interesting 
facts about the average returns of the 
oil palm, which will also be invaluable 
data to prospective planters. A 
mature bunch of fruits weighs about 
40 lb. to 50 lb. The fruit alone 
weighs 30 lb. Taking 100 lb. of fruit 
as a basis, the pericarp or outer cover- 
ing of the nut from which the oil is 
extracted weighs about one-third of 
the weight of the fruit, and contains 
about 50% of easily extractable oil, 
i.et, about 10% of the weight of the 
fruit, which will be 32 lb. The stone 
is two-thirds the weight of the fruit, 
which will be about 08 lb. The kernel 
—from which a higher class of oil is 
made— is one-third the weight of the 
stone, i.e., 20% to 24% of the weight 
of the fruit, the weight of which will 
be 24 lb. Forty per cent, of kernel 
oil is extractable from the kernel, 
whilst 7% is left in the cake. This 
may be extracted chemically after- 
wards. The weight of the oil will be 
0 lb. About 00% of the kernel re- 
mains in the form of a hard cake ; 
this will be 15% of the weight of the 


fruit. The average yield from 1(H) lb. 
of fresh fruit may be worked out on 
the above data as follows : — 

Palm oil 

Kernel oil 0% 

Kernel cake ... ... ... 15% 

A healthy tree bears 150 lb. of fruit 
per year, hence the yield from each 
tree will be as follows : — 

Palm oil ... ... ... 25lb. 

Kernel oil ... ... • •• 14 1b. 

Kernel cake ... ... ••• 22 11>. 



Centrifugal Kxtracfor 

An acre usually contains 48 trees, 
planted at a distance of 30 ft. by 
40 ft., and the yield is : — 

Palm nil 1,075 1b. 

Kernel oil ... ... ... 572 1b. 

Kernel cake ... ... ... DOS lb. 


Curing and Cultivation 

The process of manufacture is 
simple. The first step is known as 
“ husking ” The fruit is pulled out of 
the bunch at collecting stations, to 
avoid carting a mass of useless stuff 
to a distant factory. Then the fruit 
is boiled or steam-heated to soften 
the fibres, and afterwards passed 
through a depulping machine by 
gravitation, which strips the pulp 
from the stones. The latter are then 
crushed in a special machine, and 
the kernels extracted, the kernel oil 
pressed out, and the oil and cake 
shipped separately. The pulp is then 
reheated, and put into a powerful 
press. The extracted oil is then 
treated again, and refined for ship- 
ment. If good returns are desired, 
it is essential that the machinery 
which is used should be in good order. 
The dross from the pulp, the shell of 
the stones, aryl the mass of the 


Cage Prtesei! 
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bunch, are usually burnt, and 
the ash returned to the soil 
This replaces in a soluble form 
whatever little mineral plant 
food may be taken from the 
soil, and thus increases the 
fertility of the palms. The 
actual products, barring the 
cake, are almost entirely or 
ganic, so that long cultivation 
will not impoverish the soil. 
As regards cultivation, the 
plant requires plenty of water 
Its root system acts on similar 
principles to that of the coco- 
nut tree, hence it requires 
larger quantities of easily avail- 
able plant food. To render 
this possible, the soil should 
always be kept in a moist 



Depcrkarplng Machine 


888 tons palm oil at 

£ 

£40 per ton 
# 29G ton 9 kernel oil at 

35,500 

£50 per ton 

444 tons kernel cake 

14,800 

at per ton 

3,550 

Total return 

£53,850 

The estimated cost of pro- 

duct ion is as follows : 

lndd work, including 
transport to factory 
and machine culti- 

Rs. 

vation 

General, staff, local 
agency, and sun- 

80 

dries 

Factory work, includ- 

45 

ing casks ... 

115 


condition and open, so as to pre- 
vent loss of moisture by capillarity, 
and to obtain the more rapid 
nitrification of the soil required by 
the tree. The ground must be 
clear of all timber. The plants should 
not be put out until they are nearly 
twelve months old. Hence a culti- 
vator has over a year to prepare the 
ground, get a good burn, haul off the 
valuable logs with tractors, and 
" stump ” the whole area. The logs, 
which are always commercially re- 
munerative, will go some way towards 
paying for the expenses of preparing 
the land. After the land has been 
“ prepared,” ploughing is resorted to. 
Catch crops are usually grown for 
several years. The distance of the 
plants being 30 ft. apart, gives ample 
space for this. Ploughing tends to 
impart a free tilth to the land, thus 
enabling the rootlets to run out and 
spread, instead of having to light 


their way into the hard, unyielding 
soil. This serves as an immense 
impetus to growth, which is never 
lost as long as the soil is cultivated. 
Catch crops are profitable in their 
own way, especially in providing a 
shelter from prolonged exposure. If 
they are ploughed in, they are in- 
valuable as a green manure in build- 
ing up humus and plant food in the 
soil. This may mean a few pounds 
of extra capital ; it will, however, be 
repaid many times over by the re- 
sults obtained. 

Remunerative Returns 

Taking an acreage of 1,000 acres 
as a basis, the returns from such an 
estate may be worked out as follows : 
1,000 acres is estimated to yield 700 
bunches per day, averaging 50*lb. 
each This will be equal to 21,000 
bunches per month, weighing 
1,050,000 lb., or 450 


Total per year ... Rs. 240 

The cost does not include insurance, 
freight and duty, which must be 
allowed for separately, as those are 
quantities which fluctuate and vary, 
and depend upon ruling values at the 
time of sale. We may, however, fix 
the total cost of production at £30 
per acre, or £30,000 per 1,000 acres. 
Hence the nett balance of profit will 
be £23,850. So far as present con- 
ditions indicate, there does not seem 
to be much likelihood of the supply 
of animal fats' from either cattle, 
sheep or pigs becoming sufficiently 
abundant tor the price to fall seriously, 
and affect that of palm-kernel oil. 
As far as fats are concerned, the 
indications are all the other way. 
The consumption of fats is steadily 
and largely increasing, while the 
world supplies of live stock are likely 
to fall below, rather than to exceed, 



tons per month, or 
5,400 tons per vear. 
Yielding 2,300 lb. 
of fruit per day, 
or 3,700 tons of 
fruit per year. This 
crop should give a 
return of palm oil 
at ‘24% of weight 
of fruit, i.e., 888 
tons ; kernel oil at 
8% of fruit, i.c., 
290 tons ; kernel 
cake at 12% of 
fruit, i.c., 444 tons. 
The value of these 
returns will be as 
follows — 



Hydraulic Pump 


Nut Cracking Machine 
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the demand. There certainly is a 
distinct possibility of producing palm 
oil improved* in quality as to be 
edible. Effective competition may 
also set in between palm *oil and 
coconut oil, both these oils being 
similar in composition and properties, 
and for practicable purposes inter- 


changeable. The production of both 
the oils is increasing steadily, and if 
the cost of one or the other is suddenly 
reduced to a quite different level, it 
is likely to affect the general position. 
There is plenty of scope in India for 
oil-palm plantations. It is not at all 
a difficult matter, for instance, to ob- 


tain lands near rivers, and with the 
facilities of labour and modern ma- 
chinery, there are the greatest hopes 
of prosperity for the Indian agricultur- 
ist. The future of palm kernel oil 
appears sufficiently secure to warrant 
every reasonable effort to establish 
the trade in palm kernels in India. 


The Magnesite Industry in India 

By KDCAR C. KVANS, H.Sc., F.I.C., M.I.M.K. 


I I' we review the industrial 
history of India during the 
depressing twelve months 
through which we have passed, 
it is becoming more and more 
clearly evident that the industrial 
future of the country is going to 
depend primarily upon the develop- 
ment and exploitation of the great 
national resources in which India is 
so rich, and only jn a secondary 
manner, in the growth of those 
highly specialised industries in whicji 
Western countries, with their surplus 
of highly skilled labour, are able to 
excel. 

India is exceedingly rich in natural 
products which are becoming ‘iirore 
and more valuable as time goes on, 
and perhaps one of the most import- 
ant of these is magnesite. In the 
great Salem deposits in the Madras 
presidency, India possesses a wealth 
of raw material which is of con- 
tinually increasing importance. The 
growth of the basic process in the 
iron and steel industry is developing 
a market for magnesite bricks which 
is rapidly growing in volume. A very 
big demand has existed in Germany 
for many years, and this is rapidly 7 
extending in other countries. France, 
Spain, and South America are now 
big buyers, and even England, the 
home of add steel, is now rapidly 
taking up the basic process, and most . 
of the new steel furnaces which have 
been erected during the past few 
years have been equipped with basic 
hearths. 

The possibilities of magnesitf can 
be realised from the fact that an open 
hearth furnace requires from 30,000 


to 80,000 magnesite bricks, according 
to its size. They are also used in 
convertors, mixers, electric furnaces, 
etc., so that there is always a steady 
demand which is rapidly increasing 
in dimensions and importance. 

Up to the present, however, the 
valuable Indian deposits of magnesite 
have only been worked to a slight 
extent. In normal years about 15,000 
to 10,000 tons per annum only are 
produced, and of this only about 
0,000 tons arc exported. The bulk 
of this went before the War to Ger- 
many and Belgium, chiefly as calsised 
magnesite, while the United Kingdom 
absorbed only a very small proportion. 

1'he limited character of the de- 
velopment of this industry can be 
realised from the fact that the Grecian 
mines alone, from which the United 
Kingdom draws its main supply, 
produce over 100,000 tons a year, 
whilst the Styrian mines produce 
normally considerably more. It is 
a matter for surprise that under 
these circumstances the industry in 
India has not attained more flourish- 
ing dimensions. 

Uses of Magnesite 

Magnesite is a material which has 
a number of uses other than those of 
the iron and steel industry. It is used 
for making* magnesia cements, for 
dust-proof flooring ; it is used as a 
plaster in fire-proof partitions ; as an 
ingredient of steam packing materials, 
where its insulating character makes 
it of considerable value, and in the 
manufacture of millstones and polish- 
ing wheels. 


Its principal use, however, is in the 
iron and steel industry, as a refractory 
material. 

Magnesite Bricks 

The manufacture of magnesite 
bricks has already been commenced 
in India. A small quantity is being 
made at TCumardhubi, chiefly in con- 
nection with the domestic require- 
ments of the Tata Iron & Steel 
Company, but the production repre- 
sents only a very small fraction of 
the potential demand that exists. 

It might perhaps be of interest to 
analyse the possibilities of establish- 
ing a large scale magnesite industry 
in India. 

At the risk of wearying the technical 
reader with facts that are — to him — 
of an elementary character, it might 
not be amiss to outline some of the 
causes which make magnesite such an 
important refractory material. 

Chemically speaking, magnesite is 
closely allied to limestone. While 
limestone is a carbonate of lime, 
having a composition represented by 
the formula U a COy, magnesite is a 
carbonate of magnesia M K COy. The 
chemical properties of both arc very 
similar. Limestone and magnesite, 
if heated to 800 deg. C. to 1,000 deg. C. 
give off carbon dioxide and leave be- 
hind lime and magnesia respectively. 
Both of these are white solids, which 
are highly infusible ; both can be 
readily slaked, and both are basic in 
character and dissolve readily in acids. 

Magnesite possesses a property 
which is of considerable importance. 
If, instead of burning it at a tern- 
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pcrature of 80() dog. C., the tempera- 
turo is raised to 1,400 dog. C. to 1,700 
dog. C. (depending on the character 
of the magnesite), it loses its capacity 
for being slaked. Water lias no 
action upon magnesite which has 
been burnt at this high temperature. 
At the same time, a remarkable 
change in the properties of the burnt 
magnesite takes place. It becomes 
much denser, it gradually vitrifies, 
and becomes converted into a very 
hard igneous-like material which is 
known as dead burned magnesite. 
This is the variety which is of the 
greatest use in the iron and steel 
industry, and it is from this material 
that magnesite bricks are made. Its 
value as a refractory lies in the fact 
that on prolonged heating at the 
temperatures and under the con- 
ditions under which magnesite bricks 
are used, no further shrinkage or 
change in density occurs. 

The dead burned variety is there- 
fore much more valuable, and com- 
mands a much higher price, than the 
magnesite which has been heated to 
a lower temperature. 

Very little dead burned magnesite, 
however, is made in India, and the 
bulk of the material mined is sold either 
as raw magnesite or is heated only 
to about 800 deg. C. and sold as 
caustic inaguesite. 

At first sight it may seem remark- 
able that no attempt has been made 
to produce dead burned magnesite on 
a large scale, but there are several 
reasons for this. The principal ques- 
tion is one of fuel. The production 
of the dead burned variety requires 
a very high temperature, and this is 
not easy to maintain with Indian 
coal if used in the raw state, owing 
to its very low quality. 

The coal consumption also is very 
high, and as the cost of fuel in the 
neighbourhood of the magnesite de- 
posits is by no means low, this makes 
fuel a very expensive item. 

A brief consideration of the subject, 
however, will show that these diffi- 
culties are not so serious as they may 
appear at first sight. 

Ample supplies of coal are available 
in the Hyderabad mines of the Mysore 
State, and it should be possible to 
deliver the coal at the magnesite 
mines at a price which should allow 
of a return on the expenditure in- 
volved. 

Alternatively, the magnesite could 
be transported to the coal mines on 
the lines of iron and steel practice, so 
that the ore moves to the fuel, and 
not the fuel to the ore. 


^The actual cost of the fuel should 
certainly not* prove to be a bar to 
the establishment of .a magnesite 
industry in India. 


Temperature for Burning 

The next question is whether the 
fuel itself is gyod enough to allow of 
the temperatures necessary to pro- 
duce dead burned magnesite being 
attained. Hyderabad (Dccean) coal 
is not per se an ideal material for the 
production of high temperatures. Com- 
pared with British coal, its calorific 
value is low, it has a high ash con- 
tent, and a high percentage of water. 
On the other hand, it is a coal which 
readily lends itself to the production 
of producer gas, and gas-lired kilns 
are ideal for the manufacture either 
of dead burned magnesite or of 
magnesite bricks. There are then no 
technical difficulties in the way. The 
main question is one of fuel con- 
sumption. Under British conditions 
it is generally estimated that 15 ewt. 
of fuel are required to produce 1 ewt. 
of sintered magnesite ; 5 tons of 
sintered magnesite are required to 
make 1,000 bricks, and if these are 
burnt separate from the raw mag- 
nesite, a further 25 ewt. of fuel is 
required. The total coal consump- 
tion per 1,000 bricks, therefore, under 
British conditions would be as high 
as 5 tons. 

If British practice were followed in 
India, this figure would be consider- 
ably exceeded, owing to the low 
heating value and to the necessity 
for converting it into producer gas. 
It is therefore important that every 
possible means should be adopted in 
India of reducing the fuel consump- 
tion. It is important, then, that the 
type of kiln chosen for use in India 
should be one giving the highest 
possible efficiency. Further, the tem- 
perature used should be as low as 
possible compatible with the pro- 
duction of the highest quality of 
burnt magnesite and of magnesite 
bricks. 

The method of attaining these two 
apparently incompatible requirements 
opens up some very interesting prob 
letns. It has been assumed in the 
past by British experts that in order 
to secure th^ well-burned magnesite 
bricks, a temperature of 1,700 to 
1,750 deg. C. is necessary. British 
makers have found by painful ex- 
perience that bricks made at a low 


temperature- say 1,400 deg. C. to 
1,450 deg. C. — crumble very badly in 
steel furnaces, and fof that reason 
every possible effort is made to 
secure as high a kiln temperature as 
possible. ^ 

Kvcn then, however, British-made 
magnesite bricks do not as a rule 
compare favourably with Austrian 
bricks. Austrian bricks are generally 
dense and crystalline in structure, 
whilst British bricks are more porous 
and amorphous. 

Still, on analysis it is found that 
British bricks are generally purer 
than Austrian bricks, and contain a 
lower proportion of impurities, and, 
in the past, in view of this fact, it 
has generally been considered that 
the superiority of Austrian bricks is 
due to the fact that they have been 
burned at a higher temperature. The 
tendency in British practice, therefore, 
has been to retain this purity of com- 
position, and, at the same time, to 
burn the bricks at as high a tempera- 
ture as can possibly be attained. 

It is comparatively an easy task to 
attain a temperature of 1,400 to 1,500 
deg. C., but a temperature of 1,700 
deg. C. upwards is very difficult to 
attain, and to maintain, in a brick 
kiln. Such a temperature would also 
mean that the consumption of fuel 
would be very h£avy* -wear and tear, 
repair and maintenance charges would 
b^ increased, and the costs of pro- 
duction considerably increased. 

For that reason it is important that 
as low a temperature as is possible 
sliowld be used, bearing in mind that 
the product must be completely burnt 
so that no further change of density 
occurs when it is used in the steel 
fifrnace. 

Unfortunately, Indian magnesite 
suffers from the disadvantage that its 
vitrifying temperature is a very high 
one, and to secure that it be absolutely 
“ dead burned *' an extreme tempera- 
ture is necessary. Fortunately, how- 
ever, recent work has shown that it is 
a very easy and simple matter to 
overcome this difficulty. 

Essentially speaking, Indian mag- 
nesite suffers from the fact that it is 
too pure. At seems rather a paradox 
to talk of purity as a disadvantage, 
but in many cases the presence of a 
small percentage of impurities is 
actually of considerable importance 
in determining the* industrial value 
of a new material. 

u 

(To be continued.) 
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Manufacture of Handles from Indian Woods 

By S KAMESAM 

> 

Senior Assistant, Timber Jesting Section, • 

Forest Research Institute, Dchra Dun 


F ROM time immemorial, wood 
lias occupied a prominent 
position as regards its suit- 
ability for handles. Kvery 
year, India imports lakhs of 
wooden handles from foreign countries 
- especially the U.S.A., from which 
country the chief imports are hickory, 
ash and beech. In India, we have 
some species of wood which can com- 
pete* successfully with even the best 
of the imported woods as regards 
strength or beauty, or both. Up to 
the present, these Indian woods have 
not come into the linuflight of public 
attention, not because of any in- 
trinsic defect in them, but because* 
no accurate data as regards their 
mechanical properties were available. 
The recently-started Timber Testing 
laboratory at the Forest Research# 
Institute, Delira Dun, is doing pioneer 
work in this respect. The importance 
of work in this line cannot be over- 
estimated, as not only is India in a* 
position to forego imports of handles 
from foreign countries, but with its 
large stands of Heriiiera minor (Sun- 
dri), Anogeissus latifolia (Dhaura or 
bakli), 01 ea ferruginea (Khwan), 
Schleicher a trijuga (Kosum), Gracia 
iiliaefolia (l)hamin), is certainly able 
to satisfy the most exacting specifica- 
tions of handles for different purposes 
in foreign countries. 

If handles of moderate weight and 
strength are wanted, woods may be 
had like Cedrela toona (Toon), Finns 
longifolia (Chir pine), Dalbergia Sissoo 
(Shisham), Morns alba (Mulberry), etc. 

If strength is a prime consideration, 
strong woods are available, such as 
Heriiiera minor (Sipidri), Terminalia 
tomentosa (Asna or Saj), Olea ferruginea 
(Khwan), Dalbergia Sissoo (Si$su), 
Anogeissus latifolia (Dhaura), Ougenia 
dalbergioides (Tinsn), Grewia Mice folia 


(Dhamin), etc. Though Gordin Myxa 
(basora) appears to correspond, with 
its low specific gravity and high elas- 
ticity and toughness, to American ash, 
it is not very durable. Sometimes, 
weight is essential, though this is the 
case with small, rather than large 
tools, and Petwun or Ti incoinali wood 
{lierrya Ammonilla ), Dalbergia lati- 
folia, Mesua ferrea suit this purpose 
very well. 

Plasticity is a prime requisite at 
times, combined with toughness, as 
in the case of axe handles, hammer 
handles, etc., which are roughly, long 
spindles. The eye of the Indian axe 
is usually circular, and the male 
bamboo, Deiulrocalamns striclus, Ileri- 
ticra minor, Olea ferruginea, Dalbergia 
Sissoo and Gracia til ice folia may be 
useck and these are plentifully dis- 
tributed in the Indian forests. 


Qualities of Woods 

Sometimes, in using a handle the 
hand must slip to and fro, as with an 
axe chopping fire-wood or felling a 
tree, and a wood is required that will 
polish smooth, so that the hand will 
not be chafed. Many woods polish 
smooth, but there are very few woods 
to beat Trineomali wood in this 
respect. Beauty is sometimes, though 
not usually, considered in the selection 
of a handle wood, and the prejudice 
which formerly existed in America 
against the heart-wood of hickory was 
.because it was red, and not white. 
Recently, the U.S. Forest Products 
laboratory has shown by numerous 
tests that white and red hickory of 
average growth are equally good. 

The handles of pocket knives, table 
knives, and other cutlery, screw- 
drivers, etc., and in fact of a thousand 


articles of daily use, afford a consider- 
able use for handsome and moderately 
hard woods. Our forests possess many 
of line colour and close grain, among 
them being Acacia arabica (Babul), 
used in axes, chisels, gimlets, etc.; 
Dalbergia latifolia, used for the same 
purposes as the former, and also for 
Nepalese “ Kukris ” ; Lagcrslrvniia 
tomentosa (Le/.a), used for spear- 
handles ; Acacia cateihu (Khair), 
Ailanthus cxcelsa (Mharukh), used for 
sword handles ; Adina cor difolia 
(Haldu) and Artocarpus intcgrijolia 
(Kanjti), for handles of things which, 
are not called on to endure sudden 
strains, but more for ornament or 
insulation from heat and electricit y ; 
Chloroxylom swictenia (Satin wood), 
for handles of axes, hoes, etc. ; J)ios- 
pyros fibenum (I {bony, Tendu), Mangi- 
fera iudica (Am), T e-dona grandis 
(Teak), for a thousand miscellaneous 
articles of daily use where great 
elasticity is not required. 

Woods are tested in the timber 
testing laboratory to determine their 
iibre stress at elastic limit, modulus 
of rupture, modulus of elasticity and 
work up to elastic limit in static 
bending, which give an insight into 
their properties of flexure under a 
gradually increasing load, causing a 
slow, but uniform, strain on the fibres 
of wood. The woods are also tested 
for toughness in a modem impact 
testing machine, for example, that of 
Ilatt-Turner, under dynamic load 
conditions. Fibre stress at elastic 
limit, work up to elastic limit, and 
the maxiirftmi height a stick can 
endure the shock due to a weight of 
50 lb. falling under gravity, are de- 
termined. Of course, all these data 
are relative, but, under the circum- 
stances, only absolute data can be 
useful. 
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The writer wishes to be understood 
that this note is only an outline of 


work being done, or proposed to be 
done, at the Timber Testing Labora- 


tory, and it will take some time before 
definite grading rules and specifications 
for the Indian woods are framed as the 
result of* numerous tests. Though the 
Laboratory has not yet been able to 
conduct an exhaustive investigation 
in this direction, it has commenced 
work in this line in right earnest, and 
ere long the public will have ample 
material before them. Though the 
suitability of most of these woods 
above named are known to people 
locally, woods for this purpose will 
have no value in the western market 
until &nd unless we submit to them 
scientific data to convince them of 
the strength and suitability oi Indian 
woods as compared with the recog- 
nised woods for handles ‘like ash, 
beech and hickory. 

The Laboratory will feel grateful to 
anyone who will kindly furnish any 
information of local interest anywhere 
in India and Burma bearing on this 
investigation, so that new tests may 
be made with a view to enlarging the 
scope of the investigation. 


Some New Forms of Kilns 

By Sir ARTHUR DUCKI1AM, K.C.B., M.I.C.E. 

c 

Paper read before the Refractory Section oj the 
Ceramic Society at Birmingham n et. 3rd 102*2. 


A T the last autumn meeting of 
this section of the Ceramic 
/ % Society, I promised Dr, 
1 m Mellor I would place before 
von some designs of kilns 
which presented novel features. 
Although some of these are not 
specially adapted to refractory work, 
they may interest you, and will show 
the line of thought followed in our 
designs. My firm, as you may know, 
were primarily interested in the con- 
struction of plants for the manufac- 
ture of coal gas. We required for our 
purposes large quantities of high-class 
refractory material. The , tempera- 
tures we wanted in the combustion 
chambers around our retorts were 
considerable, -1,350 deg. C. In the 
earlier stages we had the greatest 
difficulty in obtaining suitable ma- 
terial, in fact we suffered heavy losses 
through the failure of the materials 


used. But for these circumstances 
we probably should not have taken 
up research into, and manufacture of, 
refractory material. 

In 1914 we were instrumental in the 
formation of a Firebrick Manufactur- 
ing Company, and undertook the 
design of a kiln that would ensure the 
proper burning of our refractory ma- 
terials, together with a due economy 
of fuel. We were already closely in 
touch with the manufacturers in the 
Stourbridge area, and it was in that 
district we placed our works. The 
design of the kiln we erected was 
based on an existing plant in Ger- 
many, in the works of our agents, 
and during eight years has given 
general satisfaction. The kiln is of 
the continuous type, lb chambers in 
all, each chamber 19ft. 1J in. wide 
by 16 ft. 9 in. long by 6 ft. 0 in. high 
to springing of arch, and 10 ft. 5 in. 


high to the crown of the arch. The 
chambers are arranged in two lines, 
with wickets on the outside only. 
There are four li reholes and bags to 
each chamber, the arrangement of 
firing being that generally known as 
semi-gaseous. The chambers are con- 
nected by flues under floor, for the 
passage of secondary air and heating 
gases. 

The heat in goods alieady fired is 
utilised by passing the secondary air 
for combustion thiough several chani- 
l)ers behind the one being fired, and 
the products of combustion from the 
'firing chamber travel through several 
chambers ahead, preheating the goods 
to be fired, before passing through 
damper to waste gas flue and chimney. 
Fig. 1 show the general layout. 

One of the chief questions in design 
was to settle whether to heat the kfln 
by an outside producer or by four 




General arrangement of 16 Chamber Kiln 
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individual fireholes to each chamber. 
In Germany the outside producer wjis 
used, consuming brown coal. We 
adopted the individual firehole system 
as we felt that the advantage of 
getting hot gas to the point of com- 
bustion in the bags would make up 
for the disadvantages attendant to 
individual fireholes. The results of 
working have justified our decision, 
and for this form of kiln, with in- 
dividual bags and down draught, the 


chambers p^r month. The fuel con- 
sumption is 20 to 25 tons of coal per 
100 tons of material burned. 

I would now put before you the 
disabilities of this kiln as constructed. 
The chief trouble we had was to ob- 
tain sufficient draught to be able to 
work two chambers ahead of the 
firing kiln, in order to utilise the heat 
in the Hue gases and two chambers 
behind to properly heat the secondary 
air. The chimney was 180 ft. high, 


main dampers to each chamber. The 
dampers, as you will Jiave noticed in 
the diagrams, were of the vertical 
cast-ir<m type, and it was found im- 
practicable to keep these air-tight 
either around the sides or at the top. 
Consequently these dampers were 
replaced by cast-iron flap doors. This 
change ensured tightness at this 
point, and greatly improved the 
draught. We still found, however, 
that we could not under all weather 
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Fift. 3. Arrangement of W.D. Tunnel Chamber Kiln 


tiring arrangement adopted gives ex- 
cellent results. 

We burn firebricks in this kiln, 
made of local clay and reinforced 
with clay grog and silica. The bricks 
are burned till cone 13 comes down 
in the centre of the material, and this 
temperature is held for about 12 
hours. Each chamber holds 00 tons 
of material, and we burn 14 to 15 


but as the temperature of the flue 
gases was only 120 deg. 1\ entering 
the chimney, the pull on the main 
flue was insufticient. 

The low temj)erature of the flue 
gases entering the chimney was partly 
due to the full utilisation of their 
sensible heat in the chambers ahead 
of the firing chamber, and partly due 
to air leakages, chiefly through the 


conditions’ be certain of obtaining in 
a reasonable time and under all con- 
ditions the high temperature of burn- 
ing which was absolutely essential in 
order to ensure that the shrinkage 
had been eliminated from the fire- 
brick material. We consequently 
decided to dispense with natural 
draught altogether, and installed arti- 
ficial draught, with most satisfactory 
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results. The output from the kilns 
is greater, and we can be sure of the 
proper burning <$f the material. Recent 
tests on the product of this kily show 
a shrinkage of between .25 per cent, 
and .75 per cent, when lifted for two 
hours at 1,410 deg. C. actual. 

Another difficulty we had to meet 
is inherent to the principle of a down 
draught kiln. The material at the 
top was burned to a higher tempera- 
ture than the material at the bottom, 
and if the bottom temperature was 
raised to a proper degree* there wns 
grave danger of the upper material 
being damaged. As we proposed to 
extend the output of this works, we 
had to consider and overcome this 
difficulty, and had to decide to de- 
part from Jlie principle of#either an 
up draught or down draught kiln. 

Fig. 2 will show you what we call 
the W.D. central bag kiln. Dr. Mellor 
has put this kiln previously before 
you, and it will therefore need but 
short description. Its advantages are ; 

(1) That even heating is obtained 
throughout the whole of the 
material of the kiln ; 

(2) That the bag forms no portion 
of the kiln proper, and so can be 
made of different material, and, 
further, it can be easily renewed ; 

(3) Proper combustion of the heat- 
ing gases is assured ; 

(4) The brickwork forming the kiln 
proper is never subjected to the 
direct action of the heating gases 
during combustion. 

• 

A single chamber 15 ft. 2 in. wide 
by 16 ft. 8 in. long by 7 ft. 6| ir^ to 
the springing of the arch, *and 
10 ft. 9$ in. to the crown of the arcli^ 
has been constructed on these prin- 
ciples with an outside producer burn- 
ing coal, and has given satisfactory 
results. We are shortly erecting a 
continuous chamber kiln on these 
lines. 

The high temperatures necessary 
for the proper burning of refractory 
material, and the comparatively long 
period of soaking required at that 
temperature precludes, to a great 
extent, the use of other types of kiln 
than the continuous chamber for this 
purpose. In fact, for the burning of 
silica material, where an even higher 
temperature of firing and a longer 
period of soaking is essential, further 
modifications in continuous kilns must 
be made to obtain satisfactory work- 
ing. We are # at present designing a 
special kiln for burning silica bricks, 
and when these designs are completed 


I trust an opportunity m^y occur for 
them to be put before you. 

The type of kiln which has always 
attracted the designer is the tunnel 
type. This type has not proved 
satisfactory for the burning of re- 
fractory material, but I venture to 
put before you two modifications of 
this type, as I believe consideration 
of them may interest you, and may 
lead to further developments. 

The advantages of a tunnel kiln 
are very evident— saving of labour 
and fuel, and even heating and cool- 
ing of the materials. The disadvan- 
tages are : 

(1) Mechanical. 

(2) The great length of the tunnel. 


(3) The tendency of the heating 
gases to rise, and so cause uneven 
burning. 

Dealing first with the open type of 
tunnel kiln, Fig. 3, we have en- 
deavoured to overcome the difficulties 
in the following ways : — 

Instead of allowing the gases to 
pass straight through the whole 
length of the kiln, cross walls are 
provided on each truck carrying the 
material, these cross walls registering 
with offsets on the kiln walls, thus 
forcing the gases to take a zig-zag 
path instead of a straight one. By 
this means we are able to reduce the 
length of the kiln from, say, 300 ft. 
to 130 ft. These cross walls really 
(Continued on page 302) 
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Fig. 2. Longitudinal Section W.D. Chamber Kiln 
Arrangement of W.D. Chamber Kiln 
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Low Temperature Carbonisation (viii) 

4 

4THE “FUSION” ROTARY RETORT) 

By DAVID BROWNLIE 

B.Sc. Hons. (Load ), P.C.8., A M.I.MIn E., Mem. Am. vSoc. M.E.,~A.I.M«ch.E , etc 


T IIK “ Fusion ” rotary retort 
is the invention of Mr. 
vStainer Hutchins, M.I.K.K., 
and is con- 
trolled by Messrs. The 
Fusion Corporation Ltd., whose Test- 
ing Station is situated at Middlewieh, 
Cheshire, Mr. Stainer Hutchins being 
the Chairman of the Company. 

The “ Fusion ” retort is of the 
horizontal continuous type, and the 
design is based on the following facts : 


position of the lighter oils. Further, 
the thickness of the layer during car- 
bonisation should not exceed a few 
inches, because of the bad heat con- 
ductivity of coal, and also to allow 
of the free evolution of the oil vapour, 
and Messrs. The Fusion Corporation 
Ltd. maintain, iti addition, that during 
carbonisation the material should be 
continually turned over, so that a 
fresh surface is constantly exposed to 
the hot surface of the retort, which is 


The special feature of the “ Fusion " 
retort is a heavy internal “ breaker " 
based upon the claim of the inventors 
that during continuous carbonisation 
in a horizontal retort, it is impossible 
to prevent the softened material fusing 
and caking on the heated surfaces of 
the retort, forming a hard scale or 
deposit, which reduces the efficiency 
of the retort by lowering the heat 
conductivity, and finally* blocks up 
the retort. Allied to this difficulty is 



Laboratory Retort capaple of treating about 5lbs. of material The Illustration 
show* the end removed with breaker resting on bottom 


In the first place, in order to get the 
maximum yield of oil from coal, shale, 
or other similar fuels, it is necessary 
to carbonise the material in a com- 
paratively line state of division, say 
all through a i in. mesh. This gives 
an increased yield of oil, because a 
lower carbonising temperature can 
be used, since the heat penetrates 
quickly to the whole charge, and there 
is much less “ cracking ” and decom- 


of further assistance in overcoming 
the low conductivity of the coal, and 
assures even heating with a regular 
evolution of oil vapour. Also it is’ 
maintained that the material should 
be gradually and evenly, but quickly, 
raised to the Maximum carbonisation 
temperature in not less than 20 
minutes, whilst the whole process 
should be continuous, to reduce 
labour costs. 


that of the tendency of the carbon- 
ising material to form lumpy masses, 
which, in ordinary simple continuous 
retorts, are very difficult to break 
up. 

The “ Fusion M retort substantially 
consists of : — * 

(1) A long horizontal retort re- 
evolving in a furnace, heated by 
producer gas, with stationary 
feed chamber. 
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(2) The producer, combustion 

chamber, and furnace, that is, 
the apparatus for heating the 
retorts. f 

(3) The oil and other condensing 
plant for treating the gaseous 
and volatile products evolved. 

(1) The retort consists of a re- 
volving steel cylinder or tube, which 
rotates in a brick furnace, and is 
shown in detail in Fig. 1, and also 
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Fig. 2. At. each end is mounted 
round the cylinder a steel path ring 
or tyre, which in turn rest upon two 
or more small rollers, so as to permit 
of the easy rotation of the cylinder, 
which is effected by any suitable 
power available through spur or other 
gearing. The dimensions of a small 
retort for a capacity of 5 tons of coal 
per day of 24 hours, as installed at 
the testing station at Middlewich, is 
25 ft. long and 2 ft. (> in. diameter, 
the retort being supplied in standard 
sizes of 2 ft. 6 in. to 4 ft. diameter, 
and 25 ft. to 100 ft. long, with a 
capacity of 5 to 100 tons of coal per 


24 hours. The horse-power required 
to drive the retort is very small, about 
1 B.ll.P. for the 5-ton size, and the 
speed is extremely slow, about 5 to 7 
revolutions per minute. The coal is 
pulverised so as to pass through a 
} in. mesh, and is conveyed auto- 
matically to the feed hopper (A) 
(Fig. 1) at one end and passed, by 
means of hand-adjustable mechanic- 
ally-operated gear, through an air- 
tight coal feed valve (B), the pulver- 
ised material travelling along the 
revolving cylinder and into the dis- 
charge hopper. Inside the retort is 
loosely placed (not separately driven) 


i 

| 

i 

i 


i 


i 



Fig. 3. End view of Retort and Oil 
Vapour Condensing Plant 



a long “ breaker " (U), which is some- 
what similar to a much elongated 
paddle wheel, with four or six arms, 
depending on the size of the retort. 
This breaker is constructed of thick 
iron plate, weighing for the 5-ton 
retort abyut 2501b., and continually 
falls over on the edges of the blades, 
as seen in Fig. 4, in so doing giving 
a powerful hammer blow, and so 
grinding and crushing the carbon- 
ising material. It will be understood 
that the edge or blade of the breaker 
does not come into direct contact 



Corner of Laboratory showing Laboratory Retort capable of 
treating about half-a*pound of material 


with the metal of the cylinder, but 
falls only on to the charge as it is 
being carbonised, and therefore the 
retort in action is not noisy, but prac- 
tically silent, only giving a regular 
gentle thud. The action of this 
breaker is peculiar, but very effective, 
and so far the inventors claim they 
* have not had a single blockage of the 
retort, although they have tested 
numerous caking and swelling mater- 
ials of the most difficult character, 
such as Ksthoniaii shale. It is rc- 
' markable also that the presence of 
the breaker, apart, from the mechani- 
cal advantages already discussed, re- 
sults in 12 to 25 per cent, increased 
yield of oil and this is seen also by 
the very low yield of gas, and the 
cause seems to be that a fresh surface 


of material is being continually ex- 
posed to carbonisation by the shock 
and concussion. 

A great difficulty in the employ- 
ment of revolving cylindrical retorts 
up to the present has been that of 
obtaining a gas-tight gland that will 
work without friction. This the in- 
ventors claim to have overcome ii^ a 
very simple manner. As seen in 
Tig. 2, they employ a thin sheet iron 
ring the full width of the cylinder, 
made additionally flexible by circular 
corrugations, the inner edge of this 
ring being pressed against an asbestos 
ring by springs, which in turn is 
mounted upon the rotating retort, and 
the outer edge of this sheet iron ring 
is fixed to a stationary hood or 
chamber which covers the discharge 


end of the retort, the gas and oil 
vapour outlet being fixed on this 
hood. 

(2) The producer used to supply 
tfic low grade gas for heating may be 
of the heating producer type or of 
the simple type, the former requiring 
steam under pressure, and the latter 
simply a wet grate, etc. In certain 
cases, nearly always in small in- 
stallations, the gases for heating the 
retort may be obtained from an 
ordinary hand-fired grate, and the 
residual low temperature fuel may be 
used, or, alternatively, any other 
suitable fuel available. 

The hot gases from the producer 
are conveyed to the combustion 
chamber, which, as seen in the illus- 
trations, is rectangular in section, 
lined with firebrick, and reinforced 
on the outside with heavy stay bars. 
In this combustion chamber the pro- 
ducer gas meets an air supply on the 
usual lines to assure proper com- 
bustion, and the flames pass through 
a number of orifices placed in the 
wall between the combustion chamber 
and the furnace, and by this means 
the carbonising temperature at any 
part of the cylinder jean be controlled 
at will by means of dampers in the 
gas aud air supply. The products of 
combustion pass down the cylinder, 
travelling towards the feed end of the 
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Galls, oil per 
ton (undried) 
materials, 
exclusive of oil 
in gas. - 

Sped fie 
gravity of 
oil 

Per cent, 
volatile 
matter 
in residue 

Per cent 
carbon 
content 
in residue 

Usthonian shale 

73(1 

0.021 

4.90 

10.00 

Nova Scotia torbiiuite 

51 .8 

0.849 

0.10 I 

9.50 

Australian torbanite 

131.7 

0 854 

13 95 ! 

20.00 

Kimmeridge shale 

52.5 

0.980 

0 85 

20.10 

lvnglish shale 

01 82 

0.920 

209 ! 

07.07 

Hast African shale ... 

112 80 

0 864 

2.50 ! 

47.72 

Tasmanian torbanite 

02.72 

i 

0.020 

1.30 

| 13.85 


retort, and finally parsing by means 
of an exit flue to the chimney . Various 
sight-holes are provided in the brick- 
work for the purpose of watching or 
testing temperatures, and the carbon- 
ising temperature is arranged on a 
gradient generally commencing at the 
inlet end of the retort at 840 deg. F. 
(450 deg. C), and gradually falling to 
300 deg. F. (2(H) deg. C.) at 'the 
outlet end. 

The hot gases leaving the retort 
could, in some cases, with advantage 
be used for pre-heating dr drying the 
coal before being carbonised, although 
the amount of the total heat going to 
waste is small, whilst the amount of 
heat required to heat the retort is 
equivalent to 5 about 8 per cent, of 
the coal carbonised, although, of 
course, expensive coal would not be 
used for the purpose. 

(3) The condensing plant for the 
gaseous and liquid products is seen 
at the end of the retort in Fig. 3, and 
is of a simple character, consisting 
of a number of wrought-iron or steel 
tubes cooled by water or by atmos- 
pheric means, the condensed oil being 
run into a suitable receiver, and the 
rich gas passing on to a suitable puri- 
fication plant and gas holder. 

It is the intention to work the 
retorts in batteries, and the Fusion 
Corporation are prepared to supply 


standard units of from 5 tons to 100 
tons throughput per 24 hours, but 
they advise that for a given output 
at least three units should be em- 
ployed, that is. assuming the through- 
put required was 150 tons per day, 
they would prefer to instal three of 
their 50-ton units in preference to 
two 75-ton units. These units would 
preferably be erected side by side, 
and supplied with gas, say, from one 
producer, preferably of the simple 
type, having regard to the lower cost 
of operation of this type of producer. 

As typical of the yields obtained 
with the “ Fusion ” retort, the follow- 
ing are figures in the first place for 
shale and torbanite. With the 
Ksthonian shale most of the oil comes 
off between 520 to 840 deg. F. (275 
to 450 deg. C.), together with about 


2,500 cubic feet of rich gas, about 
900 B.Th.U. per cubic foot, without 
stripping. With the Kimmeridge 
shale the temperature of carbonisa- 
tion was 570 to 750 deg. F. (300 to 
400 deg. C.). 

Taking now the low temperature 
carbonisation of coal, a typical result 


from 1 ton of coal 
analysis : 

of the following 

Ash 

4.52 

Water 

1.45 

Fixed Carbon 

57 35 

Volatile matter ... 

30.08 


carbonised at 840 deg. F (450 deg. C.) 
maximum is : 

(1) Giut 1,8:*0 cubic feet. 

(2) Oil 37 i gallons. 

(3) Residue ... 74%^- 1.057 lb. 
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The gas is of very rich quality, 
from 750 to IKK) B.Th.U. per cubic 
foot, and will, of course, find a ready 
use for many purposes. The primary 
object of the “ Fusion " retort pro- 
cess is the maximum production of 
oil, and a very high yield is claimed, 
because of the rapid carbonisation at 
comparatively low temperature, the 
almost complete absence of cracking, 
and the action of the breaker already 
described. The result of these con- 
ditions is that practically no ammonia 
at all is formed. 

Smokeless Fuel 

The residual low temjxrature 
smokeless fuel, being in a compara- 
tively fine state of division, as well 
as soft and friable, is, of course, not 
suitable for direct use as household 
fuel. The amount of volatile matter 
present under normal conditions is 
7 to 10 per cent., but this can be 
varied at will by altering the tem- 
perature conditions of the retort, 
whilst the heating value is about, the 
same as the original coal. For house- 
hold purposes it will be briquetted 
with the usual pitch or other binder, 
the cost of briquetting being about 
1/6 per ton, forming a very efficient, 
smokeless fuel, burning with a high 
emission of radiant heat. The fuel 
as delivered by the retort also lends 
itself particularly well to pulverised 


fuel firing fqr steam generation, and 
for use in producers. 

As regards the cost of installation 
and operation of the “ Fusion ” re- 
port, the following are approximate 
figures : 

Installation, composed of three 
•20 ton ‘‘ I-nsion ” retorts, giving 
a throughput of, or capable of 
treating, say, 00 tons per day 
(24 hours) # of slack, or the like 
material ... ... ... 1,200 

Driving arrangement, including 
automatic feed conveyor and 
elevator, for the material, but 
not including bunkers ... ... 450 

Combustion chamber and simple 

producer ... 500 

Sundries, contingencies, not in- 
cluding oil, condensers ... ... 000 

£ 2.000 

The usual accessories in the way of 
buildings and foundations, coal wash- 
ing and crushing plant and by-product 
recovery, are, of course, common to 
all low temperature carbonisation 
processes. As seen from the above 
figures, the cost of the retort plant 
alone is about £45 per ton of coal 
carbonised per 24 hours, an extra- 
ordinarily low figure. 

The labour required is extremely 
small. One man could operate three 
retorts if necessary, but with two 
men, the crushing and condensing 
plant could also be included. This 


gives a labour cost of only 1/3 per ton 
of coal carbonised, and^ repairs, main- 
tenence, and stores, would increase 
the figuie to 1/6 per ton. 

Whilst it is claimed that this retort 
has proved it.yid vantages in the treat- 
ment of materials low in fixed carbon, 
such as oil shales, torbanites, cannels, 
lignites, etc., the performance has 
been equally favourable in the case 
of coals containing a high percentage 
of carbon, and particularly in the case 
of materials which have different 
caking and Swelling properties, such 
as, for example, “ Kent " coal, which 
swells* to 2 to times its volume. 
Thus a coal having swelling properties 
of approximately twice its original 
bulk was obviously unsuitable for 
coking purposes, and owing to its 
physical nature, it was unsuitable for 
storing or carrying purposes, as it 
very quickly fell to dust. Its market 
value, therefore, was low, and the 
solution of the difficulty was thought 
to be briquetting, but the swelling 
properties prevented this also. How- 
ever, by coking 80 per cent, of this 
coal in the “ Fusion ” retort, and 
mixing the residue with 20 per cent, 
of the original coal, an ideal briquette 
was obtained, and the flexibility of 
the “ Fusion ” retort, combined with 
the low capital cost and large through- 
put are obviously very strong points 
in favour of the* process. 


The Value of the Small “ Diesel” Engine 


One of the great practical advan- 
tages of the “ Diesel ” engine is that 
it is almost as efficient in very small 
units as in large installations. One 
of the well-known defects of the 
steam engine is that in the small units 
in ordinary use the efficiency is very 
low, so that, whilst in a large steam 
engine over, say, 750 H.P., to which 
continuous attention can be given, 
figures like 11 to 12 lb. of steam and 
1} lb. of coal per I, ILF. may be 
obtained, in small steam engines the 
results are nothing like so good. 
Taking, for example, all the steam 
engines in use throughout the world, 
the great majority are small engines 
running under bad or onK' medium 
conditions as regards care and atten- 
tion, and the average performance 
figure is onlv about 5 lb. coal per 
I.H.P., in spite of the fact that some 
steam engines are obtaining results 
like 1J lb. As regards steam turbines 


these cannot be used economically 
for sizes much less than 750 H. P., 
localise of the comparatively high 
cost of construction of such small 
units. Hut the “ Diesel ” engine 
shows nothing like these differences 
for even very small units, and the 
crudest labour and attention. Thus 
a high-class “ Diesel ” engine of large 
size, say 750 H.P., gives results like 
0.42 to 0.45 lb. oil per H.H.P., 
whereas a small engine of, say, only 
150 to 200 H.P., will rarely give 
figures lower than, sav, 0.50 to 0.60 lb 
oil. 

The tendency in America, where 
the “ Diesel ” engine fo'r land in- 
stallations is in particular favour, 
because of the<rcomparativelv low 
price of oil, is to adopt the 2-stroke 
cycle principle for the smaller engines. 
As typical of such American “ Diesel ” 
engines arg the productions of the 
Nordberg Manufacturing Company, 


which are of the slow-speed, 2-st.roke 
cycle, full “ Diesel ” type, with a 
direct driven 3-stage air compressor 
and a double-acting scavenging air 
pump, driven by separate cranks 
from the crankshaft. Various parts 
are water-cooled, such as the cylinders, 
cylinder heads, crosshead guides, pis- 
tons, and exhaust pipes. This engine 
is built in standard sizes of 3, 4, 5 
or 6 cylinders, each cylinder having 
a uniform output, of 110 B.H.P., a 
3-cylinder engine driving, for example, 
a 225 KAV. generator. The cylinder 
bore is 15»in., the stroke 20 in., and 
the mean effective pressure 55 lb. 
•per square inch at the full load speed 
of 225 R.P.M., the weight being 260 
to 280 lb. per B.H.P. Almost any 
variety of fuel oil oan be burnt, and 
it is claimed that the performance 
figura is practically equal to that of 
the largest installations — 0.45 lb. oil 
per B.H.P. 
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Recent “Garratt” Patent Locomotives 

(Continued from page 275) 

Hie folloicinx notes record some de/nils 
oj the recent “ Garratt " type locomotive 


T HE South African Railways 
have recently received from 
Beyer, Peacock & Co. 
three experimental classes 
of Garratt/' engines; one 
class consisting of three engines for 
the 2 ft. gauge sections of these rail- 
ways, the second class being the 
50,000 lb. tractive effort— at 80 per 
cent, boiler pressure — engines men- 
tioned in the earlier part of this 
article, and the third class an engine 
to give the maximum tractive effort 
obtainable with six, coupled axles on 
lines laid with 38 lb. rails. 

The engine develops 50.000 lb. trac- 
tive effort. The wheel arrangement 
is 2-0-G-2 ; the cylinders, motion, 
coupling and connecting rods, wheels, 
axles, axleboxes, spring gear, brake 
gear and the truck being exactly \he 
same on each engine unit. The enor- 
mous boiler is carried by a* girder 
frame built up of two side plates 
suitably cross stayed At each hnd 
is the top portion of the pivot which 
fits into the corresponding bottom 
portion on each engine unit. The 
girder frame is fitted at each end with 
side bearing blocks resting on similar 
blocks on the engine unit, these blocks 
being on the transverse centre lines 
of the pivots. 

The ball joint, at each end, for the 
live steam pipe is attached to the 
underside of the top portion of the 
pivot casting directly on the centre, 
so that the ball has tfic minimum 
possible movement. The exhaust 
steam ball is placed at one side of 
the live steam ball, a slip joint being 
provided on the pipe to allow for the 
slight longitudinal movement. 

The steam is conveyed to the 
cylinders by carefully laggeef pipes ; 
similarly the exhaust steam from each 
pair of cylinders passes through 


lagged pipes and finally combines in 
the blast pipe. In this, as in all the 
South African “ Garratts,” stop valves 
are provided on each steam pipe in 
case of failure of either pipe. 

The draughting arrangement of a 
very large boiler is not a simple prob- 
lem, but with this engine the propor- 
tions adopted have been most success- 
ful, the boiler steaming with great 
freedom on a relatively low fuel con- 
sumption. 

Reversing Gear 

The hind unit carries a combined 
water tank and coal bunker, the 
shovelling plate of the latter project- 
ing into the cab ; the front unit carries 
a plain water tank. The two tanks 
are connected by a large levelling pipe 
running along the outside of the 
girder frame with flexible connections 
to the pipes under the tanks. Shut-off 
valves arc provided under each tank 
to isolate either should occasion 
require. 

The reversing of the engine is per- 
formed by a steam gear on this large 
engine, but generally screw gear is 
fitted, this operating both sets by 
intermediate reversing shafts placed 
above the pivot castings, the arms of 
these shafts, to which are connected 
the reversing rods to the shafts at the 
expansion links, being placed central, 
so that the movement of the engine 
bogie has but small effect. 

In spite of there being 2,654 sq. ft. 
of heating surface and a grate of 
51.8 sq. ft., it is built up of only six 
steel and three copper plates, all of 
which are of plain outline. This, of 
course, excludes the home in the list 
of plates. 

A comparison of the depth and 
volume of the firebox of this, or any, 


“ Garratt ” engine boiler, with that 
of, say, any Mallet engine is very 
instructive. 

The brakes are operated by steam, 
in conjunction with vacuum to the 
train, while a hand brake placed in 
the usual position in the cab operates 
the brake on the hind unit only. 

The cylinder cocks are opened and 
shut by steam cylinders on the engine 
frames. 

The grate of this engine consists of 
rocking finger bars and a front drop 
grate. The ashpan is of the semi- 
hopper type with sliding dump doors 
underneath to enable the ashes co be 
dropped, while the engine is running, 
after, of course, they have been well 
slacked. 

As far as possible, South African 
practice has been introduced in this, 
as well as the other “Garratts" for 
these railways. The boiler is fitted 
with a superheater of the Marine & 
Locomotive Superheater Company’s 
pattern, fitted with automatically- 
operated dampers. The cylinders and 
valves are lubricated by Wakefield 
mechanical lubricators ; the steam 
sand apparatus «is of Gresham & 
Craven’s pattern. 

The second class of engine for these 
railways is of the 2-6-2-2-0-2 type, 
and was designed to supply the 
maximum tractive effort possible on 
the lighter sections of these lines 
where the rails weigh only 38 lb. per 
yard. The inclines on these sections 
are frequently 1 in 40, and 5-chain 
curves are frequent. 

While this engine is only of moder- 
ate dimensions when compared with 
that previously described, it has a 
very high tractive effort for an engine 
restricted to 7$ tons axleload and 



six coupled axles, the tractive effort 
being 18,290 lb. at J5 per cent, boiler 
pressure. 

This engine is fitted with a Robin- 
son superheater Wakefield mechani- 
cal lubricator and generally similar 
fittings to the larger engines, the re- 
versing, however, being by screw gear. 

The third class for the South African 
Railways consists of three 2-0-0-2 
engines designed for operating mixed 
trains on the 2 ft. gauge feeder lines 


in Natal and elsewhere. The lines 
combine gradients of 1 in 30 with 
150 ft. and even less radius curves. 

The axleload is restricted to 6J 
tons, the tractive e ffort at 75 per cent, 
boiler pressure is 15,870 lb. 

Apart from the fact that these 
engines have no superheater, they are 
in general smaller editions of the other 
“ Garratt ” engines of these railways, 
possessing all the special features of 
the type we have detailed in the de- 


scription of the largest engines. 

The brakes are steam operated on 
both engine units, while the hind 
brakes can also be appljed by hand 
power. Reversing is by hand lever. 

These are very interesting examples 
of the possibilities of the “ Garratt " 
type locomotive on light feeder lines, 
where sharp curves and heavy grades 
are common, and on which the traffic 
has grown beyond the capabilities of 
ordinary type locomotives. 


The Need for an All - India Gauge Policy 

By F. ROYAL-DAWSON, M.lnst.C.R. 

We publish below part of the discussion on the above paper, 
which appeared in our September' and OctSber issues . 


T HK Chairman (vSir R. W. 

Gillan) said that personally 
he did not feel very com- 
petent to contribute to the 
discussion, especially in the 
presence of various eminent railway 
authorities, but he might make a few 
remarks, strictly a.^ a layman. The 
first thing he would like to do was to 
draw a necessary distinction. India 
was a museum of railways. It con- 
tained everything, from the lordly 
5 ft. fi in. to the toy 2 ft. That day 
he had heard that some authority 
in Bombay proposed to make a 
4ft. 8 Jin., just in order, he sup- 
posed, to complete the collection. 
But these railways had in Vonunon 
nothing except their mere rails. A 
discrimination must be made between 
classes, and he thought the two main 
classes were these : (1) lines of long 
distance traffic or trunk communica- 
tions, and (2) what might be called 


local lines, whether described as 
“ feeders ” or, as someone had called 
them, " railed roads.” These two 
classes had to be kept very distinct, 
or mistakes would be made. l or the 
local lines it might be advisable to 
aim at connected systems, or possibly 
at a net work of light rails all over the 
country, but in any case continuity 
of gauge was not in their case a para- 
mount consideration. In the case of 
main lines, or railways proper, many 
people thought that gauge was para- 
mount, and it was perhaps at this 
point that the difficulties had origin- 
ated over the gauge question. The 
origin of the difficulties might, that 
is to say, lie in the fact that the metre 
gauge was a possible gauge for both 
sorts of railways. He would not de- 
scribe it as falling between two chairs ; 
rather it seemed to sit on both chairs, 
or perhaps one might say that it was 
difficult at times to be sure on which 


chair it was sitting, for it served both 
for main line communications and for 
feeder lines. To vary the metaphor, 
they might say that it made the best 
of both worlds, and he thought the 
issue before them was' very much in 
this sense, that adherents of the metre 
gauge said that it was a universal 
gauge available for either class of 
railway, while the adherents of the 
broad gauge said that it was not the 
best for either. The two main ques- 
tions as they appeared to the speaker 
were these. In the first place, was 
continuity of gauge a paramount con- 
sideration in the case of railways 
proper ? Was it something to which 
they ought to subordinate other ad- 
vantages, it might be to a consider- 
able extent ? Many ©f the arguments 
that had been brought forward in 
India seemed to indicate that it had 
this character, but in practice it had 
been treated as of comparatively little 




.mportance. Then, in the second 
place, the qiu^stion was which was the 
preferable gauge for the main system 
:>f railways, assuming thfit there 
should be one ? The arguments which 
tiad been advanced b«re, seemed to 
favour a broad gauge, but on behalf 
i>f the metre gauge it was answered 
that the metre gauge, at any rate, 
sufficed for the requirements of main 
ine communications, and the ques- 
tion, therefore, transferred itself to 
this, whether the advantage of the 
broad gauge was of sufficient extent 
to counterbalance other considera- 
tions. He thought the views formed 
m these two questions would largely 
nfluence the decision taken on 
my particuhvr project put forward, 
whether ^ie construction of new lines 
jr the provision of larger capacity 
m existing lines, but they would be 
complicated by other factors — in par- 
:icular, traffic considerations which 
were of vital consequence to the metre 
*auge lines would often be found to 
have a far-reaching effect. Mr. Royal- 
Dawson had said that in the long run 
the broad gauge was bound to pre- 
dominate. He thought there were 
two facts which went against that 
conclusion. The first, was that the 
metre gauge systems, unlike Govern- 
ment, had a perfectly definite policy, 
and the second was yiat, also unlike 
Government, they were always pre- 
pared to finance what they considered 
desirable. The outlook generally, 
therefore, for this gauge question 
seemed to be as uncertain and as 
unsatisfactory as its past history had 
been. He thought that something 
ought to be done. Mr. Royal-Dawson 
had proposed legislation, and the 
speaker quite understood the con- 
siderations that had led him to that 
recommendation. But he was not 
sure that in the case of the Govern- 
ment of India legislation would be 
appropriate, seeing that they would 
be laying down rules, not so much for 
private companies as for themselves, 
and in any case he would say that it 
was clear that in spite of all the time 
and discussion given to this subject, 
it was not yet ripe for legislation. He 
would turn, therefore, to the report 
of Sir William Acworth’s Committee 
on this subject, which said* — “ Thor- 
ough investigation of the gauge prob- 
lem is urgent at this moment. We 
think that the situation as it at present 
exists, must be faced as a problem 
affecting the whole of India, and 
examined from the engineering, oper- 
ating, and financial side by a special 
commission of two or three of the first 
experts who can be found after careful 


search not in one country' only/’ A 
commission of this kind would be 
able to lay down an authoritative 
policy which the Government would 
be able to carry out. If he (th* 
speaker) were on the Railway Board 
still, he would welcome the assistance 
given by a body such as was proposed 
bv Sir William Acworth’s Committee 
in almost every project that came 
before the Board. # 

Lord Montague 

Lord Montague of Beaulieu, 
K.C.I.K., C.S.I., said he had re- 
cently returned from India, where 
he had been studying railway systems 
and railway questions in general, in- 
cluding this very gauge question, and 
he must confess that, alter consider- 
ing the subject generally, his con- 
clusions were more in accord with 
Sir Robert Gillan than with the 
reader of the paper. He was inclined 
to take this view, not only on account 
of what he considered its inherent 
soundness, but from the point of view 
of finance, which in these days was 
the most important consideration in 
railway construction in India. India 
proposed to borrow a large sum, to 
be spread over the next live years, 
for the rehabilitation of the railways, 
which at the present moment could 
not be described as being in anything 
like a lit state, either to carry the 
existing traffic or, still less, the traffic 
of the future. Therefore, the problem 
resolved itself into this : having raised 
the sum in question, how could the 
money best be spent ? He did not 
think that an impartial judge would 
advocate that any considerable pro- 
portion of it should be spent on 
making the gauges more uniform. 
What Sir Robert Gillan had said was 
perfectly true. The traffic in bulk 
from ports was distributed up country 
in the main and at present moment 
by the standard gauge. The standard 
gauge went to every main port in 
India. It carried something like HO 
per cent, of the traffic. The lesser 
gauges distributed and collected that 
traffic more or less in a radial fashion, 
and at various stations all over India 
on these narrow gauges, he was struck 
by the very small amount of traffic 
which did pass over these narrow 
gauge lines.. He spent one day exam- 
ining a local line which ran eighty 
miles west from Cawnpore, with a 
view to suggesting the running of rail 
motor cars, and he was impressed 
there with the very small amount of 
traffic. He was told afterwards, that 
it was affected somewhat by strikes 
that were going on to the eastward 


but even so, there was no doubt that 
that line was not employed to any* 
thing like its full capacity, aud there 
was room for a good deal more traffic 
to pass over it. When one came to the 
construction pf new lines, he would 
rather see a road as a feeder to a rail- 
way than the construction of more 
small gauges ; and the modern use of 
motor vehicles, with the less handling 
which they entailed at the points of 
origin and destination, was really an 
argument for a diminished construc- 
tion of feeder lines, and a greater con- 
struction of roads to feed the main 
line station. With regard to other 
points in the paper* he would ask the 
reader to consider whether the analogy 
ol France was not worth studying. In 
France, the main lines of railway had 
a 4 ft. 8J in. gauge, which was the 
standard continental gauge, but there 
were also very successful light rail- 
ways in the north of France for agri- 
cultural purposes, in the east for 
minerals, and in the south for passen- 
gers and goods. To take one railway 
which ran on the Riviera, from St. 
Raphael to Toulon, it would have 
been impossible to have got a standard 
gauge, with all the necessary para- 
phernalia of stations, signals, and so 
forth, on this line, but although it was 
worked in a casual way, it was worked 
quite cheaply and efficiently. It was 
reallv a “ railed road." The French 
students of railway matters had 
always told him that they regarded 
these lines purely as feeders, rather 
than railways proper. To attempt 
to reconstruct the metre-gauge rail- 
ways of India would entail a very 
large sum of money, and to attempt 
to do it when there were so many 
other urgent things to do, such as the 
provision of heavier locomotives and 
other important matters, would be a 
waste of money. He thoroughly 
agreed with the reader of the paper 
in some of his statements. There was 
no doubt whatever that the break of 
gauge at some of these points was a 
very serious matter to the public, 
even more than to the railway com- 
panies. It did not necessarily affect 
dividend-earning capacity, but the 
delay in some cases prohibited perish- 
able traffic, and in these days, when 
the Indian coolie was not as tractable 
as he used to be, and his labour was 
very much more expensive, the hand- • 
ling and transhipment of goods at 
these interchange points was a bigger 
problem than in the past. As a 
remedy, it might be possible to use 
road wagons on crocodile trucks, or 
trucks with very low platforms, and 
tranship them from one truck to the 
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other on the railway. This was done 
now on the London and South- 
Western, and also on the Continent. 
Then, again, there was the use of 
transporters at stations. In fact, lie 
did not admit that all the means of 
interchange uf traffic had been ex- 
hausted. Of course, there was no 
doubt whatever that, as the reader 
of the paper put it so well, given a 
certain tonnage from a certain dis- 
tance and a certain number of passen- 
gers, they were conveyed more econ- 
omically on a 5 ft. 0 in. gauge than 
on smaller gauges. They must all 
deplore the fact that the gauges were 
made originally of such a diverse 
character, and he could only hope 
that, chiefly oil the grounds of relative 
urgency, none of the borrowing for 
the railways of India would be spent 
on the alteration of gauges. Hut he 
admitted to the full that at some 
time in the future this gauge (|uestion 
would have to be considered. 

Sir Wm. M. Acworth 

Sir William M. Acworth was quite 
sure that they would all be grateful 
to Mr. Royal- Dawson for his valuable 
paper. In one particular the best 
was the enemy of the good, and that 
was his map, in which he had t ried to 
show too much. If his map had 
merely shown the metre gauge and 
the 5 ft. 0 in. gauge, it would have 
brought out what he had described so 
well in liis paper- the way in which 
blocks of metre gauge were inter- 
sected by and cut across by lines ot 
the other gauge, and so would have 
demonstrated what an unsatisfactory 
position had been reached. He hoped 
that the map might be simplified and 
re-drawn when the paper was pub- 
lished. He (the speaker) was not an 
engineer, and he wanted to coniine 
his attention to the subject of the 
paper as headed, which was not " The 
Proper Gauge Policy,” but “ The 
Need for a Policy.” If the map he 
had asked for were in existence, it 
would be enough to hold it up in 
demonstration of that need. If his 
recollection was correct, the Indian 
railways began about 1851-1855. He 
was rather surprised that the big 
English engineers as early as 1855 
did not see that 5 ft. (3 in. was not 
right to start with. By that time he 
would have thought they would have 
understood that 4 ft. 84 in. was good 
enough. He wanted to put himself 
in the position of the man who first 
started the narrow gauge. He was 
quite sure that that man said that the 
people- who started the 5 ft. (3 in. 
were wrong. He must have had that 


in his mind, ;md have decided that, 
because they were wrong, he was 
going to do something else. To-day 
he did not think anybody would deny 
that the people who had produced 
this crisscross system were wrong. 
The question was, however, ought we, 
in 11322, to have a policy ? Mr. 
Unyal- Dawson and Lord Montagu 
had spoken of the large sums in- 
vested. But tve were only at the 
beginning of expenditure on Indian 
railways. The whole capital invest- 
ment so far was only £400 millions, 
one-third of the capital invested in 
the railways of Great Britain There 
were fewer miles of railway in India, 
for a population of 300 odd millions, 
than in Canada for a population of 
eight millions. India was only be- 
ginning to make its railways. It had 
got to make a vast number more. 
Surely it was necessary to have a 
policy before they went any further. 
His esteemed colleague, Sir Henry 
Burt, had said, “ For heaven’s sake, 
don’t start out to get a policy. It 
will be made the excuse for the 
Finance Department to refuse every 
penny of money to go on with, on 
the ground that the policy is not yet 
forthcoming.” The speaker believed 
that it was desirable to get a policy 
before building any new lines, but the 
amount of which Lord Montague had 
spoken as about to be borrowed by 
the Government of India was pledged 
for improvements of the existing sys- 
tem. After these improvements had 
been effected, they might begin to talk 
about extensions, and then would 
be the time to get a policy. He did 
not think people had appreciated the 
absolute non - necessity for the 
5 ft. <3 in. gauge. Before he went to 
India he travelled a good many 
thousands of miles on the .South 
African 3 ft. ff in. gauge, which was 
not very much better than 3 ft. 3 in. 
lie travelled in perfect comfort, with 
sleepers and diners and so on, and on 
that gauge in South Africa they ran 
trains as heavy as the heaviest train 
he could find in India. The heavy 
trains in India from the coal-fields 
down to Calcutta were no heavier 
than those run in the Transvaal on 
3 ft. (3 in. On the other hand, take 
the 4 ft. 8£ in., it was going to be a 
long while before anybody proposed 
to take a train heavier than, say, 
17,000 tons — a load ttoat has actually 
been hauled by one engine in America 
-over these lines, so that it seemed 
to him that the thing was open for 
discussion, and it had to be discussed 
from the point of view, not of what 
was done on the 5 ft. G in. or on the 


3 ft. 3 in., but of what might be done. 
With what Mr. Roval-pawson said 
about transfers he was absolutely in 
agreement. Nearly all the witnesses 
before his Committee said that they 
were short of t»ucks. They were not 
short of trucks a bit, there were plenty 
of trucks to move the traffic if they 
could only move the trucks. You 
must tie up trucks and tie up roads 
when you come to tranship on a large 
scale. Why did the little original 
short-line railways in America and 
England come together in big sys- 
tems ? It was because they had not 
disco voted in those days that it was 
possible to book traffic from one 
company to another on a clearing- 
house system. It was .equally im- 
possible to conduct a larjjje traffic 
satisfactorily if there was unloading 
from one gauge to another. In theory 
they might be told that it was possible 
to take stuff out of one truck and put 
it into another in a certain number 
of hours or minutes at a certain num- 
ber of pence or annas per ton. But 
that did not happen in practice, and 
never had done, and never would. 
That was the evidence all over the 
world. They always suffered from 
this break of continuity. It was 
worth almost anything to a railway 
man to get the power of working 
through. The best proof of it was 
that the Indian Government was 
putting up a broad-gauge line through 
the Kliyber Pass. They knew per- 
fectly well that they must not have 
a break at Peshawar, or they would 
have congestion there if they did. 
In* the event of a sudden breakdown 
or sudden glut of traffic, the break 
of gaiige was of vital importance. 
Frankly, he did not see why legis- 
lation was required. What was 
required was a policy, and if such 
a policy were established and the 
Government strong enough to carry 
it out, it would pay the Government 
over and over again to be very 
generous in the case of a light railway 
that lost its traffie. It was a policy 
which was wanted, and not legisla- 
tion. To the speaker this was King 
Charles’s head. Why was there not 
a policy ? Because India would not 
allow railway men to manage railway 
business. Why was a narrow-gauge 
railway made here and a narrow-gauge 
hiilway there ? Because the Finance 
Department said that it would cost 
an extra two lakhs or three lakhs, and 
that they had to balance the Budget. 
As long as that attitude was accepted 
he safr no hope for a policy. The 
essence of the question was that this 
was a matter which railway men 



understood and ought to understand ; 
it was not a matter which financial 
people understood, and the railway 
men must be trusted to do it.# If the 
matter were put to the Railway 
Board, and they were t<^ld to present 
a policy, which it was their business 
to find, he was sure that they would 
go further and say that India was 
qua railways a single entity. It 
‘did not connect with railways any- 
where else in the world. On the 
other hand, uninterrupted communi- 


cation throughout Indi* itself was 
vital. The men who came home 
from India came home usually to 
England, probably the country least 
desirable from this point of view, to # 
have its railways studied. He was 
sure that the Railway Board could 
piofit bv the experience of the people 
of Australia, who were face to face 
with the same problem. He had not 
seen the report made oi> the compli- 
cated problem of the gauge in Aus- 
tralia. But he was certain that in 


the long run - and not the very long 
run — it would pay abundantly to 
have a policy, and that policy ought 
to l>e threshed out on the under- 
standing that it was to be a permanent 
and continuous policy and not inter- 
rupted by financial opportunism which 
had been mainly responsible for the 
confusion. If Mr. Royal-Dawson 
could revise his map, it would do 
more for the cause he had at 
heart even than his very interesting 
paper. 




A New Type Roller Bearing for Railway Axles 


J US'l before closing for press we 
have received some details of 
a taper roller bearing manu- 
factured by British Bock Bear- 
ings Ltd., which is of a some- 
what novel design. We give below a 
few details regarding this bearing, and 
in a future issue we hope to give 
fuller information regarding experi- 
ence with this new design. 

From the illustration it will be 
seen that the roller itself is slightly 
tapered, and is, therefore, adjustable. 
Because of the taper, it follows that 
it is necessary to provide a means foi 
taking up the thrust* and it will be 
£een that this is carried out in a very 
business-like manner. The end of the 
boiler itself is spherical and makes a 
point contact with a portion of the 
housing upon which the rollers rotate. 

The principal claim, however, 
this point is the fact that motion on 
the contact is a pure rolling action, 
and, therefore, friction is reduced to 
a minimum. 

We understand that the company 
claim that this design of bearing will 
operate for a mileage of from 15,000 
to 25,000 before any adjustment is 
( required, and when the necessary ad- 
justment is made, the bearing will 
carry on again indefinitely. 

The details before us regarding 
actual performances refer to a num- 
ber of different American companies 
who have fitted the Bock bearing. 

One of their most representative 
installations is that of tlfe Stanley 
Steam Car, which weighs 60,000 lb. 
without load. We understand that* 
seven of these cars have been built, 
two of which have been shipped to 
South America, end have recently 
been put into service. The oldest car, 
however, has been in service five 
'years, and is in operation on the 
White River Railroad, operating off 


the main line of the Vermont Central, 
running about twenty miles up into 
the mountains. Bock bearings were 
installed in this car in the spring of 
1010, and we understand that the 
results have been entirely satisfactory. 

We understand that a number of 
American companies have adopted 
the Bock design, and, in addition, 
several of the United States Arsenals 


are using this equipment for haulage 
and switching in their yards, and 
that in this latter case the Arsenals 
report that the Bock l)earings are 
the only bearings that would stand 
up in this service, and, as a conse- 
q lienee, the Ordnance Department of 
the United States Arinv have specified 
Bock bearings on trucks used on 
rails. 
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The “ Duplex-Mono” 

A REMARKABLE NEW AUTOMATIC FLUE GAS 
ANALYSING MACHINE 


T HKRK is now coming on the 
British market a remark- 
able new aid to fuel econ- 
omy, the “ Duplex Mono M 
automatic gas analysing 
machine, the invention of Messrs. 
The Svenska Aktiebolaget “ Mono, 
of Stockholm, Sweden, represented 
in Great Britain by Messrs. Power 
House Components, Albion Cham- 
bers, King Street, Nottingham. 

• The machine gives a continuous 
record of the percentage of CO 2 anti 
also of CO, and unburnt gases on 
the same chart. The importance of 
this achievement will be realised by 
a short consideration of the b^stc 
principles of flue gas analysis. 

Air consists roughly of 71) 'Jo nitro- 
gen and 21% oxygen by volume, and 
assuming for the moment that coal 
was pure carbon, under perfect con- 
ditions of combustion, the air after 
combustion, that is the flue gases, 
would consist of 21% CO 2 (carbon 
dioxide) and 79% nitrogen, if now 
we analyse the flue gases and find 
less than 21% CO 2 , it indicates at 
once that something is wrong with 
the combustion, and there is either 
excess or deficiency of air. With 
excess air the percentage of CO 2 is 
lower, and free oxygen is present, 
whilst if there is not sufficient air, 
onlv part of the carbon is burnt to 
CO 2 and the rest forms CO (carbon 
monoxide), so that there is again less 
than 21% CO 2 and free CO present. 

Coming now to practical condi- 
tions, since coal, as a typical fuel, 
may contain anything from 50*94% 
of carbon, it* is obvious that it is not 


possible to get 21",, C(b, even if 
only because the hydrogen present 
bums to wafer and does not give 
CO 2 . Also it is impossible to burn 
coal with the theoretical amount of 
air, and some excess must be used, 
whilst leakage of brickwork is un- 
avoidable. For thosi reasons, there- 
fore, the theoretical figure in practice 
for anthracite, coke, and other fuels 
high in carbon, is about 19J% C< h, 
and for ordinary semi-bituminous 
steam coals about 17%. 


Losses by Excess Air 

Dealing first with the losses caused 
by excess air, Fig. 1 shows the cal- 
culated percentage loss in the coal 
bill for each corresponding percentage 
of C< h in the flue gases, and from 
this point of view only, the higher 
the percentage of C( h in the flue 
gases the greater is the fuel economy. 
It is, however, a serious and funda- 
mental mistake to pay attention only 
to the CO 2 figures, and to ignore the 
losses due to CO and other products 
of incomplete combustion. Thus, in 
lug. 1, starting at, say 0% CO 2 and 
33%, theoretical loss, the curve — 
taking into account CO 2 only gradu- 
ally falls to 11J% theoretical loss at 
20% CO 2 . But as the amount of 
excess air (fiminiihes there is a tend- 
ency for CO and unburnt products 
to appear, even though oxygen is in 
slight excess. In Fig. 2 typical 
curves are illustrated. At 14% CO 2 
there is a theoretical loss of 15 1% 
in the coal bill. If now we go past 


14% CO 2 , we L*( t a further saving 
due to less excess air, but the begin- 
ning of an enormous loss due to CO 
and other unburnt products, since 
I lh. of carbon burns to CO 2 with 
the evolution of 14, 5(H) B.Tli.U., and 
if onlv burnt to CO, the evolution of 
heat is 4,4<H> B.Tli.U. Thus, if we 
push the percentage of COa to 15, 
the nett result, would he a theoretical 
loss of 22% in the coal bill, and an 
actual practical loss of flj% as com- 
pared with 14% CO 2 , i.c. a gain of 
1% due to increasing the CO 2 , and 
a loss of 71% due to CO. In other 
words, a low figure of 0% CO 2 , with 
a theoretical loss of 3)1% of the coal 
bill, is just ns efficient as 17% CO 2 , 
because at this high figure the large 
amount of CO results also in a nett 
loss of 33%. The point C in Fig. 2, 
in this case 14% CO 2 , no CO, and 
15 J% loss in the coal bill, is the 
critical point of combustion , at which 
the maximum efficiency is being 
obtained. 

The ordinary CO 2 recorder only 
gives CO 2 , and there has hitherto 
been no method of determining CO 
continuously along with CO. The 
enormous value of the “ Duplex- 
Mono ” is that for the first time it 
is possible to work at the “ critical 
point of combustion," and thus 
obtain the maximum efficiency. 

The machine is illustrated in Figs. 
4 and 5* It is impossible to de- 
scribe it in detail in an article of 
any reasonable length, but the 
general principle is as . follows A 
sample of flue gas is taken at the 
rapid rate of 30 times per hour, and 





326 

INDUSTRIAL I N D< 1 y K 



Fid. 4 

each time 100 ec. is filtered and 
measured in the machine. Kvery 
alternate sample is then passed 
through 20% caustic potash solution 
in the iron vessel in the bottom 
right-hand corner of the machine, 
and the reduction in volume is meas- 
ured in a floating bell above. That 
is to say, if the final volume is 90 ee., 
a reduction of 10 ec. due to CO- 
absorption, then the floating bell 
only rises to a mark corresponding 
to IK) ec. capacity. As the bell rises 
it actuates a pen, as seen, attached 
to a line chain round a wheel, the 
pen travelling downwards over a 
ruled chart actuated by a 24-hour 
clock. In this respect the machine 
is an ordinary CO*> recorder, except 
that it has the great advantage of 
using mercury as the moving liquid 
in the bulbs and tubes. The unique 
part of the machine is, however, 
that every alternate sample, instead 
of being sent direct to the caustic 


potash solution for analysis, is, by 
means of a highly ingenious auto- 
matic d-way switch, shown outside 
the left of the machine (Fig. f>), 
turned in another direction, in which 
it has first to pass through a hard 
glass tube furnace containing copper 
oxide heated by an electric current. 



Fig 1. 

Percentage of CO j 


This furnace is shown on the top of 
the machine, and in passing through 
all the CO is burnt to €02 by the hot 
copper oxide. Consequently, if the 
gas contains CO, there will now be 
more CO 2 in it, consisting of the 
original 10 % CO 2 plus an extra 
amount due to the combustion of 
CO. The gas is then passed as 
usual to the caustic potash, and if, 
for example, 12% CO 2 is found, this 
extra 2% is due to CO. If no CO 
is present, the figure will be 10% as 
before. That is to say, the first 
sample of gas goes direct to the 
potash, the second through the elec- 
tric furnace, and then to the potash, 
the third direct to the potash, and 
so on alternately, at the rate of 30 
analyses per hour, 15 CO 2 only and 
15 mixed gases. The rate cf analysis 
is so quick that in practice this 
method of alternate analysis is just 
as accurate as analysing the two 
sa 1 uples si 11 1 ulta neously . 

Typical charts are shown in Figs, 
fi and 7. Fig. 0 shows an ordinary 
boiler furnace not controlled by the 
“ Duplex Mono." In the first place 
the total CO- figure fluctuates con- 
siderably, but averages about HI 
9%, being considerably above the 
average in this respect. At the 
points (11) and (C) on the left, there 
is an enormous difference between 
the alternate records, being often 
10 - 11 % on COs only, and rising to 
Higher than 15% for CO 2 -f CO, in- 
dicating a high figure for CO. Fig. 7 
shows an ideal practical chart work- 
ing under control by the “ Duplex 
Moyo." There is practically no CO 
at all the whole time, except a small 
amount at the middle point (C). In 
working, therefore, with the “ Du- 
plex Mono," the correct method is 
first to concentrate on having no 
CO, that is, no difference in the 
alternate CO- figures. When this is 
attained, the percentage of CO 2 is 
raised gradually, say to 12-14%, but 



Fig 2 





stopping immediately there is any 

CO. 

The machine is of the very finest 
workmanship throughout, *and is 
worked by water pressure, at not 
less than 12 lb. per square inch, of 
compressed air. The whole of the 
mechanism can be turned out on a 
swivel for examination, whilst the 
machine goes on working, as in Fig. 
5. It is recommend^! that the 
machine be erected in the fi rehole, 
in full view of the firemen. Tl*e iron 
door is dust-tight, having a rubber 
lining, as seen in Fig. 4, which makes 
a tight joyit with the thinjron casing. 
The iron jug on the right is for 
charging with caustic potash solution, 
which lasts about a month, depend- 
ing on the conditions. The chart 
and the ink reservoir last two months, 
and the clock requires winding up 


chine although apparently very 
complicated works extremely well. 
One of the reasons of this is the ex- 


cellent design of the pen mechanism, 
which is almost impossible to go 
wrong, and another is the fact that 
heavy mercury being used as the 
actuating liquid, means an enormous 
suction is obtained, so that the flue 
gases can be filtered through tightly 
packed cotton wool filters and con- 
veyed through capillary copper pipes 
without any fear <>f choking. 


Powdered 
Coal Successes 

One of the first electric power 
stations in (»reat Britain to use 
powdered coal as fuel was a large 
municipal station in London. The 
installation was designed to serve a 
very large boiler, and the results have 
been so successful that additional 
plant to serve three more large boilers 
is to be put down. The main feature 
of this British installation is that it 
has enabled coal of a very poor 
quality to be burnt very economically. 
The coal is ground to a fine powder, 
which is then forced into the furnace, 
where, owing to the minute size of' 
each particle, exceptionally complete 
combustion takes place. The main 
question for engineers is whether the 
advantages of burning powdered fuel 
compensate for the cost of reducing 
ordinary coal to the necessary fine- 


everv seven days. Finally, the nia 
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Fuel Saving in Modern Gas Producers 

By W. B. CHAPMAN ' 

1 he following article is taken from a paper read by Mr . Chapman 
before the American Society of Mechanical Engineers, and is of particular 
interest in showing the development in mechanically operated producers, 
and the saving effected by adopting mechanically operated methods. 


T HERE arc about 10,000 gas 
producers in the United 
States. With the excep- 
tion of the modern me- 
chanical producer, most of 
these are “ sick ” and badly in need 
of a “gas doctor,” and the furnaces 
they supply are in an equally bad 
way. 

The producers in use are divided 
approximately as follows : -0,500 in 
the steel and allied industries; 1,500 
in the glass industries ; 500 in chemi- 
cal industries; and 1,500 in miscel- 
laneous industries. Under “ miscel- 
laneous ” are included the ceramic 
industries, lime burning and about 
200 gas producers used for power. 
The gas producer for power purposes 
has never been much of a success 
except for small units using anthra- 
cite coal. 

Engineers have given much atten- 
tion to the engine room, some to the 
boiler room, a little to industrial 
furnaces, and least of all the making 
of raw producer gas. Hence the 
backward condition of the gas house. 

No definite data has been com- 
piled by the Government on the 
amount of coal used in gas pro- 
ducers, but with the assistance of 
such figures as are available it is 
estimated roughly that in the steel 
industries about 14,000,000 tons of 
bituminous coal aie transformed 
annually into raw pioducer gas for 
use, and in the glass industries about 
2,500,000 tons, and about the same 
amount in the various other indus- 
tries. 

In the steel industries approxi- 
mately the* same amount of coal is 
used for making gas to heat furnaces 
as for making steam. In glass 
making three-fourths of alUthe fuel 
is used in gas producers. But what- 
ever producer gas is used it is apt 
to be the most backward part of the 
business. A given amount of time 
and money, if spent on improving 
conditions in the gas house, will 


usually bring larger returns than in 
any other department. In most in- 
dustries requiring large heating oper- 
ations, more trouble arises in that 
department than in any other part 
of the business. 

Much progress has been made in 
the past 25 years in gas producer 
construction. It started with the 
excellent work of \V. B. Hughes. 
Progress in furnace construction, 
however, has lagged. The chief in- 
centive to improvement of both 
producer and furnace has been high 
priced labour, and the few advances 
made in furnace construction have 
been con lined mostly to certain 
labour-saving features. Now the 
situation has changed ; fuel saving 
has been put on a par with labour- 
saving, and interest, is being noted 
all along the line. 

The Producer Gas Process 

In making producer gas there are 
three steps or operations : (l) Keen- 
ing the fuel ; (2) agitating the fire ; 
and (3) removing the ashes. Pro- 
gress in producer construction has 
centered on various ways of per- 
forming these three operations auto- 
matically. 

Automatic coal feeding, if con- 
tinuous and uniform, will increase 
tlie B.Th.U. in the glass about 10 
per cent., and will improve its uni- 
formity to such an extent that it 
can be burned in the furnace with a 
10 per cent, improvement in economy. 
However, the labour-saving due to 
automatic feeding is slight, and 
should not tie confused with the 
labour saved by the use of coal- 
handling equipment and' overhead 
bins, always a good investment for 
installations of more than one pro- 
ducer. ^ 

Automatic agitation, if suited to 
the kind of coal used, will increase 
the B.Th.U. from 10 to 20 per cent, 
(depending largely upon the zeal 


and skill witli which it was formerly 
hand-poked) and the uniformity thus 
obtained will cause a corresponding 
saving in utilising the gas in the 
furnace. The combined effect of 
automatic feeding and automatic 
agitation usually makes possible a 
saving of 25 per cent, of the fuel 
required for a given operation. 

Automatic ash removal is of two 
kinds, intermittent and continuous 
discharge. The intermittent type 
removes the ashes once or twice in 
24 hours. It is open to the objection 
that during the ash-removal period 
the fire is badly disorganised, and 
a poor quality of gas is made for 
possibly half an hour. The con- 
tinuous type of ash-removal is en- 
tirely free from ' this objection. In 
Europe the continuous type is much 
in* favour, although but few have 
been installed in America. 

The saving caused by mechanical 
ash removal depends largely upon 
tht kind of device used. If the ashes 
are removed intermittently, and if 
no effective agitation accompanies 
the ash removal, the saving will be 
limited to the two or three hours’ 
time required daily for the ashmen 
to shovel the ashes out by hand. If, 
on the other hand, the ash removal 
is continuous, and is accompanied by 
suitable agitation of the entire ash 
bed and lower portion of the fire 
bed, there will be a considerable 
saving to the labour required both 
for manipulating the lire and for 
cleaning clinkers off the walls. More- 
over, the continuous type of ash 
removal, accompanied by ash agita- 
tion, will .increase the capacity of 
the producer about 50 per cent., and 
will save some fuel on account of 
the improvement in the quality 
and uniformity of the gas. Unfor- 
tunately the continuous type of ash 
remover, combined with effective 
agitation, is little known in this 
country, although it is the common 
type in use throughout Europe. 
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Fiji* 1. Hughes Producer 

Types of Producers 

Hearing in mind the foregoing 
three steps in making producer gas, 
let us now consider the types of 
producers in most .common use in 
America — the I fugles, the R 0. 
Wood, the Morgan, and the Chap- 
man. Kach is an excellent machin*e. 

Hughes producer. To Mr. Hughes, 
then chief engineer of the Pencoyd 
Iron Works, is accorded the credit 
for having installed at that plant In 
1807 the first successful mechanical 
producer in America. This machine 
is still in operation. As will be seen 
from Pig. 1, the chief feature con- 
sists in a vertical water-cooled finger 
hinged to the stationary top of the 
producer, and made to oscillate be- 
tween the centre and the wall while 
the body of the producer and its 
contents revolve underneath. Thus, 
in time the entire contents of the 
producer are stirred. The speed of 
this producer was originally one 
revolution in 20 minutes, but every 
few years it has been increased, 
until now the walls make one revolu- 
tion in 8 minutes, with considerable 
increase in capacity. 

Since the installation of the first 
Hughes producer, an automatic ash- 
removing device has been added. 
It consists in * a stationary bar 
arranged to sweep the ashes^ from 
a revolving* grate. The bar is in- 
serted once or twice every 24 hours 
for a short period and then removed. 


No attempt is made • to use the 
device for agitating the lower portion 
of the fire bed. Recently an auto- 
matic feed has been added in fact 
two automatic feeds thus making 
the producer completely mechanical. 
The double feed gives unusually 
good coal distribution. This is the 
oldest producer on the market, and 
there are over 1MI0 in operation 
more than any otlu* mechanical 
producer. 

The Wood producer (Pig. 2) is 
somewhat like the Hughes, in that it 
uses tile vertical-stirring-arm prin- 
ciple. There are two vertical arms, 
one near the centre, and the other 
near the wall. These stirring-arms 
are bent as shown in the illustration, 
but instead of oscillating from centre 
to side they revolve around their 
vertical axes. The walls of the 
producer revolve, and thus the fire 
bed is carried past the stirring de- 
vice. The coal is fed from a rotating 
drum located eccentrically. As a 
revolving fire Vied comes under the 
feeding device, fresh fuel is supplied 
to it. The speed of the producer is 
one revolution in 30 minutes. A 
steam-turbine blower is supplied, • in 
addition to the ordinary steam-jet 
blower. The turbine has an extra 
large capacity, operates quietly, and 
usually gives results that are more 
uniform than a steam-jet blower. 

The ash is removed by a blade 
or plow attached to the lower edge of 
the revolving wall, and extending 
down into the ash bed. The blade 
tajees out ashes at a fixed rate, which 
is somewhat faster than they are 
made, and therefore it cannot be oper- 
ated continuously, although nearly 
so. Scoops are attached to the skirt 
of the revolving wall for carrying 
the ashes around to a suitable point 
for final discharge. The capacity of 
this producer is unusually large, 
owing to the fact that there are two 
stirring arms in place of one, and 
the removal of the ash is nearly 
continuous. Moreover, the diameter 
of the Wood producer is 10 ft. 0 in., 
instead of the usual 10 ft. This 
producer is particularly popular 
among glass manufacturers, and some 
remarkable records have been secured 
with it. 

In a producer having vertical 
stirring fingers, it is highly desirable 
to keep the top and bottom of the 
lire bed always at the same level, 
so that the stirring fingers will 
always project the right distance 
into the fire bed for best results. If 
these fingers should reach too near 


the ashes, the air blast would break 
through into the recess or gap left 
in their wake and spoil the gas. A 
continuous, or at least semi-con- 
tinuous, ash removal would thus 
seem to be necessary in order to 
keep approximately the same amount 
of ashes in the lire bed all the time, 
and the same amount of ashes con- 
tinuously in the producer. Producers 
with long vertical stirring fingers are 
difficult to operate with a thin fire 
bed, or at less than two thirds of full 
capacity. 


The Morgah Producer 

The Morgan producer (Pig. 3), like 
the Hughes, is 10 ft. inside diameter, 
and has about the same capacity. 
Also, like the Hughes, it is very 
popular in the steel trade. However, 
it differs radically in both the method 
of agitation and in the ash removal. 
Instead of vertical arms projecting 
dee]) into the fire 1>ed, a horizontal 
arm which rides on the surface is 
used, it being claimed that surface 
agitation is quite sufficient, and any- 
thing more is detrimental. The 
writer’s experience would seem to 
prove that surface agitation is hardly 
adequate when caking coals are 
used. Nevertheless, some very ex- 
cellent results have been obtained. 
As will be seen from the illustration, 
the agitator is in the form of a 
swinging U-tubc, with the ends 
hinged to the stationary top of the 
producer. The walls and the ash- 
pan of the producer revolve and 
carry the fire bed around with 
them. The speed has recently been 



Fig. 2, R. D, Wood Producer 
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Fig. 3. Morgan Producer 

increased to one revolution in twelve 
minutes. 

The ash is removed by a spiral 
arm lying on the bottom of the 
ashpan. Ordinarily, the arm re- 
volves with the pan, so that no 
ashes are removed. From one to 
three times every 24 hours the outer 
end of the spiral arm is engaged and 
held fast, thus producing relative 
motion between the arm and the 
pan, and causing the ashes to How 
out rapidly. An ingenious device 
provides for the automatic release 
of the ash arm when the producer 
has made a full revolution. The 
ashes obtained in this way are ex- 
ceptionally free from carbon. After 
the ashes are taken out, the lire bed 
is “ broken down " by hand poking, 
and drops from six inches to a foot. 
The producer is exceptionally well 
built. 

In all gas producers that do not 
provide for continuous removal of 
the ash, there is a definite cycle of 
operation, extending from one ash- 
removing period to the next. This 
is usually a 24-hour cycle, but in 
some cases it is 12 or even 8-hour, 
and in the case of the Wood pro- 
ducer it is semi-continuous. At the 
beginning of the cycle (immediately 
after the ashes have been removed), 
the fire bed, though not changed in 
thickness, is located much lower 
down in the producer than at the 
end. This difference in height of 
the location of the fire bed in the 
producer from the beginning to the 
end of the cycle is usually about 2 ft. 
if the ashes are removed but once 


in 24 hours, •but it is correspondingly 
less when the ashes are removed 
more frequently. It is therefore 
apparent that if a producer is to be 
•agitated uniformly, it should be 
provided either w f ith approximately 
continuous ash removal or with an 
agitator which automatically varies 
in height according to the varying 
height of the fire bed. 

The Chapman producer (Fig. 4) 

is the only gas producer sold in 

parts. The agitator alone mav be 

installed on anv stationary producer, 
or the agitator in combination with 
the automatic feed may be installed 
on old or new stationary producers, 
or again, a completely mechanical 
producer including automatic feed 
agitator and ash remover may be 
obtained. The agitator, as will be 
seen from the illustration, is in the 
form of a rake with water-cooled 
teeth. The rake revolves once in 

7 minutes, and thus every portion 
of the lire is passed over every 
minutes, which is more than twice 
as frequent as in any other pro- 
ducer. In most producers agitation 
depends upon the speed of the walls, 
which are rather cumbersome to 
operate rapidly. 

The Agitator 

The agitator is driven by a patent 
driving head having two long spiral 
flanges upon which the agitator 
automatically “ screws up " as the 
lire bed grows higher, and “ un- 
screws ” when the height of the lire 
bed drops. These spiral flanges iye 
in sliding contact with two revolv- 
ing lugs which project inwardly from 
the hub of the driving wheel. As 
fresh coal is put on the fire, it tends 
to bury the agitator beneath it. 
This makes the agitator turn harder 
through the tire bed, and immedi- 
ately, as the torque is increased, the 
driving head screws up to where 
the forces are again in balance. If 
the agitator strikes a large clinker 
fast to the wall, it screws up over it 
and drops down on the other side, 
thus avoiding any undue strain on 
tin* machinery. The action is a little 
like that of the Yankee screw driver. 

The cross-arm of the agitator 
operates a few inches below the 
surface of the tire bed, and the 
lingers project down 8 in. further. 
This makes the depth of the agita- 
tion about mid -w r av between the 
surface agitation of the Morgan 
and the deep agitation of the Hughes 
and Wood. As the fingers project 
forward, the cross-arm immediately 


fills in the gaps in their wake. The 
out-stroking effect of ,the cross-arm 
tends to pack the fuel against the 
wall, which helps to prevent blow- 
holes and clinkers. 

The autoifiatic feed drops the 
coal evenly over all parts of the fire 
bed simultaneously, and thus differs 
from the other mechanical pro- 
ducers in that it does not require 
a revolving fire bed to spread the 
coal. The object is to produce 
slightly better gas-making condi- 
tions than when the fuel is dropped 
only in one corner or sector of the 
producer at a time. 

The ash-removing device operates 
continuously. It consists in a slowly 
revolving beam extending across the 
producer through the ashpan, and 
driven by a gear ring which encircles 
the producer just above the pan, the 
speed being adjustable to synchronize 
wfith the rate the ashes are being 
made. The speed of the gear ring is 
adjustable from a revolution an hour 
to one in ten hours. After the ashes 
have been forced out by the beam 
into the outer portion of the ashpan, 
they are picked up by scoops at- 
tached to the gear ring and carried 
to the point of discharge. 

The Chapman producer makes use 
of the Kuropeoti idea of agitating 
the fire bed from beneath. The ash 
beam is provided with lingers which 
project upward and impart motion 
both to the ashes through which 
they move and the fire bed resting 
oq the ashes. This is to help in 
presenting blowholes and clinkers 
and to increase the capacity. 



Fi£> 4. Chapman Producer 
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The size of this producer is 11 ft. 
inside diameter— the largest made 
and the capacity is increased accord' 
inglv. • 


Savings with Mechanical 
Producers 

With the usual more or less un- 
skilled and indifferent handling any 
of the four American mechanical 
producers can make a gas averaging 
150 B.Th.U. (low values) instead of 
the customary 125 B.Th. U. obtained 
in hand-poked producers if operated 
with zeal. With skilled handling 
the best mechanical producers will 
average 100 .to 175 B.Th.U., pro- 
vided the,' coal is fair and the rate of 
gasification does not exceed 25 or 
30 lb. per square foot per hour, 
which is fully twice the capacity of 
hand-operated producers. 

A Duff producer operated origin- 
ally at 10 tons a day and making gas 
having 125 B.Th.U. was fitted with 
a Chapman agitator and automatic 
feed, and at 116 tons a day, gave an 
average of 1611 B.Th.U. Similarly, a 
Von Kcrpley producer, the most 


popular mechanical type in luirope, 
gasifying 20 lb. per square foot per 
hour, making about 135 B.Th.U. gas, 
was equipped with Chapman agita- 
tor and automatic feed, and changed# 
to 34 lb. gasified ]>er square foot jht 
hour and 17H B.Th.U. This was 
maintained without difficulty, and 
without any hand poking. 

The best modern producers prop- 
erly operated will usually save about 
25 per cent, of the coal, and at least 
an equal amount of labour. These 
savings should amount to the total 
cost of the installation in from one 
to four years. The Chapman agitator 
with automatic feed, when installed 
on old hand operated producers, will 
usually save its cost in the fust year 
of operation. 

The temperature in a gas producer 
is highest at the bottom of the lire, 
and the thicker the lire the cooler 
the top. The temperature at the 
bottom should be as high as the 
fuel will stand without running too 
much risk of melting the ash. The 
melting point of the ash in all good 
Pittsburg gas coals is well above 
2,500 deg. 1'., and the melting point 
of the ash in Illinois coals is about 


300 deg. lower. The temperature at 
the top of the tire bed should be as 
low as will permit the gas to be con- 
ducted to the place of use without 
forming objectionable tar deposits, 
and also as low as possible without 
making the top too sticky and diffi- 
cult to blow through. Usually a 
“ to}) temperature ” of 1 ,0<K> to 1,100 
deg. 1\ is about right, but if the gas 
is to pass through a water-cooled 
reversing valve located some dis- 
tance away, 1,200 deg. would be 
better. A " hot to}) ” destroys some 
of the richest gases, and thus wastes 
fuel. More fuel is wasted in a pro- 
dueer from running with a hot top, 
over 1,300 deg., than from any 
other cause. 

A considerable saving of coal can 
be brought about by using suitable 
accessories in the gas house. The 
most important of these is a pressure 
regulator, which, when the pressure 
in the gas main falls, blows the pro- 
ducer harder, and makes more gas, 
and vice versa. A temperature re- 
corder is also of great assistance. A 
few additional devices are needed if 
one is to obtain the highest efficiency 
in daily operation. 


Boiler Flue Cleaning by Suction 


T HU use of a partial vacuum 
has in recent years been 
adapted for several differ- 
ent industrial purposes, 
such as the cleaning of 
buildings, railway carriages, etc., 
and also for the ‘conveying of 
grain, ash and coal. One of the 
most recent uses found for this 
system is the cleaning of steam 
boiler flues, and the great conveni- 
ence of such a system is obvious. 

Everyone is familiar with the 
dirtiness and general inconvenience 
at the time of flue cleaning, and the 
wonder is that the suction or vacuum* 
system has not been adapted sooner. 

We propose here only to give a 
brief description of the plant designed 
by The British Vacuum Cleaner Co. 
Etd. (Booth's patents), and to* illus- 
trate the principal portion of the 
apparatus used. 


Advantages 

This plant for flue and economiser 
cleaning has great advantages over 
the “ sack and barrow ” method. 
There is a great saving of time and 
labour. Only one mail is required 
to operate a plant having a removal 
capacity of up to 3 tons per hour. 
The dust is conveyed by suction 
direct from the flues to the dust 
container, from which it is dis- 
charged in a damp condition, so that 
blowing about of the dust does not 
take place. Where, owing to the 
type of boiler or setting, it is neces- 
sary for a man to enter the flue, he 
is operating under sanitary and 
healthy conditions, and labour diffi- 
culties are therefore lessened. 

The general lay-out of the plant 
is as follows : — 

An air exhauster of the positive 
reciprocating or rotary type, belt, 


chain or gear driven by electric 
motor or other means. 

An interceptor or air washer wliich 
prevents any fine dust reaching the 
exhauster. 

A main dust container for receiving 
the flue dust, which is mounted on a 
suitable staging so that it may dis- 
charge into a railway wagon or cart, 
A suitable size for a plant of 30 cwt. 
per hour removal capacity is 15 ft. 
high by 5 ft. diameter, holding 168 
cubic feet of de-acrated dust, equal 
to 252 cubic feet of free dust approxi- 
mately. 

These are connected by W.I. piping, 
and a va&iuni relief valve is fitted in 
circuit coming into operation at 
maximum required vacuum. 

From the dust container a W.I. 
dust-air main is run to the boilers, 
and terminates in one of the follow- 
ing ways : — 
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Method of Collecting 

1. Hose connection fittings to one 
of which is attached a length of 
flexible hose fitted with the firm’s 
special aerator hose nozzle when 
cleaning is in hand. Into this nozzle 
the dust is raked, or alternatively 
the nozzle is pushed into the dust. 
The dust is then at once carried 
away by suction through the pipe- 
line to the container, which is emptied 
at intervals on to a dump or into 
wagons, etc. 

2. Where it is possible to arrange 
it, the dust main is connected to dust 
hoppers under the boilers, etc., 
through patent aerator valves. It 
is then only necessary to open these 
valves in turn, and the dust is auto- 
matically conveyed through the dust 
main to the dust container. 

Branch Pipes 

3. Branch pipes fitted inside the 
boiler, these pipes being fitted with 
special aerator dust suction nozzles. 

In a later issue we will deal fully 
with the suction or vacuum system, 
showing its utility in the boiler house, 
and its different applications. 



KxhauNter House 


THE DEVELOPMENT OF 
LIGNITE (Brown Coal) 

At a meeting held recently of the 
Dominions and Colonies and Indian 
Sections of tint Royal Society of Arts, 
a paper was read by Professor W. A. 
Bone on “ Brown Coals and Lignite." 
As is well-known, lignite or brown 
coal is a quality of fuel intermediate 
in quality between peat and coal. 
That is to say, it is a much older 
stage than peat in the complete 
conversion at the original vegetable 
matter into pure carbon, but not 
approaching that of ordinary semi- 
bituminous coal, and far removed 
from anthracite. Lignite itself 
differs greatly in properties, varying 
from a loose brown fibrous, material 
(earthy lignite), little removed from 
peat, to a hard, brownish black solid, 
approaching coal. It is, however, 
in averages much inferior to coal, 
the analysis being about 5,600- -7,500 
B.Tli.lJ. per lb., as against say 11,500 
— 13,500 for coal, and it generally 
contains a large percentage of moist- 
ure. Against, this, however, is the fact 
that it can be “ mined ’ at the sur- 
face at a fraction of the cost of coal. 


The “Nesdrum” Water-Tube Boiler 

t 


TllK “ Nesdrum ” water-tube boiler, 
manufactured by Messrs. Richardson, 
Westgartli & Co. Ltd., is making 
headway in Groat Britain, and several 
minor improvements in the design 
have recently been introduced. The 
" Nesdrum ” boiler is of the straight 
tube variety, but of rather unusual 
design, consisting of a series of nests 
or “ bunches M of straight tubes fixed 
to small, spherical-ended, cylindrical 
vessels or drums at the top and 
bottom, in two rows, placed in the 
front side by side inclined at an 
angle over the furnaces, together 
with one row of similar nests of tubes 
with small drums placed vertically 
at the back of the boiler, combined 
with a large horizontal steam drum 
extending the full width of the boiler 
at the top between the front and 
back sections of tubes. 

The new improvements introduced 
into the design of the boiler are that 
straight nipple tulx>s are now used 
entirely for connecting the sections 


together, instead of the previous bent 
tubes, whilst the lower vessels or 
small drums are made deeper, so that, 
on removing the manhole covers, the 
nipple tubes, together with the main 
tubes, can easily be inspected with- 
out difficulty. 

One of the features of this boiler is 
the absence of metal-tn-mctal joints 
and small hand hole fittings. The 
feed-water enters the headers of the 
rear nests of tubes, and passes down 
these to the rear bottom vessels or 
drums, the coldest water being there- 
fore brought into contact with the 
coolest gases as they pass out of the 
boiler, this rear series of vertical 
tubes acting more as an economiser 
and a feed water heater, whilst any 
minute amounts of mud and scale- 
forming elements are also deposited 
at this stage, 'Hie circulation in the 
straight tubes of the front two rows 
of nests of tubes inclined over the 
furnaces is direct and rapid, whilst 
the superheater is situated behind 


these, under the main horizontal 
steam drum, and before the flames 
and hot gases reach the back row of 
nests of tubes. 

Owing to the absence of flat sur- 
faces, which need staying, the “ Nes- 
drum ” boiler is very suitable for 
working at the highest pressures, up 
to 500 lb. per 'square inch, and two 
boilers have recently been erected 
in Sweden with a working pressure 
of 350 lb. pgr square inch and 700 
deg. F. steam temperature, whilst it 
is equally applicable to firing by all 
fuels, .solid, liquid, and gaseous. 

An instillation of “ Nesdrum ” 
boilers on the latest lines, with chain 
grate stokers, superheaters, and east- 
iron economisers, is now being erected 
in Warrington, consisting of four 
boilers of 10, (MM) lb. evaporation each, 
at 200 lb. working pressure, and many 
boiler* are at work in different parts 
of Great Britain, the largest installa- 
tion being nineteen boilers at Cargo 
Fleet Iron Works, Middlesbrough. 
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The. Ramsay Rotary Condenser 


W K reproduce a sectional 
view of this somewhat 
novel method of con- 
densing the exhaust of 
of steam engines and 
turbines. The principal claim made 
for this design is that it only uses one 
pound of water for one pound of steam 
condensed, maintaining vacuum up to 
20 inches. The following details are 
supplied by the makers, Messrs. 
Fullerton, Hodgart & Barclay J.td., 
of Paisley. 

The Ramsay condenser consists of 
a series of nests of tubes so arranged 
to form an annular ring, with a cham- 
ber at one end to form a receiver for 
steam to be condensed, and also a 
chamber at the other end to form a 
receiver for the condensed steam and 
air vapour. 

Kacli of these clufmbers have a 
trunnion formed on them, which 
serves the double purpose of forming 
carriers, and also steam inlet and 
outlet for condensed steam and air 
vapour, the condensed steam and air 
vapour being withdrawn by mean* 
of an air pump. The whole is capable 


.1 novel method of condensing 
the exhaust of a steqm engine 

of being rotated, so that every tube 
is in turn immersed in a tank holding 
the condensing water, and rises out 
of the tank covered with a film of 
water. 

Steam to be condensed enters 
through the trunnion at one end, 
passes through the end chamber or 
header to the inside of the tubes, 
where heat transmission takes place, 
the heat from the steam passing 
through the tubes and evaporating 
the film of water on the external 
surface. 

The condensing water having been 
evaporated, the heat of evaporation 
will have been extracted from the 
steam contained in the inside of the 
tubes, which becomes condensed, 
thereby forming a vacuum. The con- 
densed steam then passes along, and 
out of the tubes into header through 
the trunnion to the outlet pipe at the 
opposite end to that by which it 
entered. 

To remove the vapour of evapora- 
tion and also produce a cooling effect 
on the tubes, a fan discharging cooling 
air into the annular space at centre 


of tube nests is required. This air 
passes out among the tubes to an 
outer casing, and by means of a pipe 
to the external air. 

The tubes where a transfer of heat 
takes place are made of brass, copper, 
or other metal of good heat-conducting 
properties. 

These tubes are carried by means 
of tube plates fixed to end chambers 
or headers, which headers have hollow 
trunnions concentric with the annular 
ring of tubes. 

The trunnions are carried by means 
of pedestals which may sit on, or form 
part of the tank, the tank being filled 
with condensing water. 

The headers art* so divided up by 
means of vanes as to form the tubes 
into four or more nests, each nest in 
turn having the flow of steam shut 
olT by means of directing pipes, which 
cause the steam to pass through tubes 
which have left the water in the tank, 
and are covered with a thin film of 
water only. 

The trunnions are made air-tight 
by means of packing glands combined 
with a water seal. 
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llaflle plates are inserted between 
headers so as to c ause cooling air to 
pass round about the tubes Ix-fore 
reaching the outer casing. 

A distance piece is placed between 
the headers so as to ensure that the 
tube plates are kept at their proper 
distance apart. This distance piece 


also acts as & conical guide, to deflect 
the air round about and among the 
tulies before reaching the outer casing. 

Rotary motion is communicated to 
• the tubes by means of a worm wheel, 
worm, and shaft. The shaft may 
be rotated by motor, belt, or rope 
drive. 


Spur wheels and pinions may be used 
instead of worm wheel.and worm, and 
may be applied in the same position, 
or at tlfe periphery of the headers. 

The flow of steam into and through 
the condense#, and also the air inlet 
and outlet, arc shown by means of 
arrows on photo print. 


The Efficiency of the Modern Chain Drive 

r , 

In this article a detailed account is given of the chain drive, particu- 
larly of the specialities of the well-known firm of Messrs. Hans 
Re nold Ltd. There is no question of the great saving in power that 
can he obtained by paying particular attention to the question of effi- 
cient transmission , and the writer points out that in the average case 
H»% of the power generated is to be saved by substituting belt drive by 
chain drive. The advantages of the chain drive are considered m 
detail, but at the same time the disadvantages are elaborated, so that 
the power user can give the matter fall consideration m all its aspects. 


O N I\ of the most neglected 
sources of power economy 
in the average industrial 
establishment is in the 
transmission of power. 
Very few power users, for example, 
are in a position to state the exact 
loss that takes place Ixdween the 
actual point of the generation of 
power and its application. It is 
generally an astonishing experience 
to determine, as the present writer 
has done many times, the total 
friction load of a factory, that is, the 
total horse power required to merely 
drive the shafting, gearing, and belt- 
ing without doing any useful work 
at all. Thus it is quite common to 
find 10-15%, or even over 20%, of 
the power generated is swallowed up 
in this wav, and at least 10% of the 
fuel bill can generally be saved by 
detailed attention alone to the trans- 
mission. It is the purpose of this 
article to deal particularly with the 
actual driving from the shafting to 
the machines, and the substantial 
economy that can generally be 
obtained by the utilisation of modern 
chain drives in preference to belt 
driving and the use of gelt ring, and 
also, in a lesser degree, to rope 
driving. 

Factory driving is of tw'o general 
kinds, positive and non-positive. 

Positive, or rigid, methods of the 
transmission of power, such as spur 
t 


wheels, bevel wheels, and helical 
gearing, are generally used when the 
distance between the shafts is very 
short. The efficiency of this method 
of transmission is very high, over 
!)f>T», provided always that the form 
of the teeth is designed and con- 
structed with great accuracy, so that 
the driving motion will be equivalent 
to the rolling together without slip- 
ping or rubbing of cylinders or voices. 
In practice, however, it is very diffi- 
cult to cut and erect such gears, and 
most factory drives of this nature, 
especially when not of recent date, 
are grossly inefficient, noisy, and give 
rise to excessive vibration. ( )f course, 
modern cut gearing is of quite a 
different character, but the ordinary 
type of positive drive can be said to 
be wasting anything from 10-25% 
of the power transmitted. 

The non-positive, or non-rigid, 
type of drive, in which the distance 
lietw'een centres is long, and the 
exact speed ratio does not matter, 
as represented by the ordinary belt 
or rope drive, is, however, what may 
be termed the standard industrial 
drive. The rope drive, when care- 
fully designed and erected, is very 
satisfactory, especially for long dis- 
tances, and tiie average efficiency 
obtained is probably about 92 
95%, but it is not used to anything 
like the extent of the belt drive. 
Accordingly, therefore, this article- 


because of lack of space -will be 
concerned chiefly with the substitu- 
tion of the belt drive by the chain 
drive. A belt is a flexible and more 
or less elastic* band in which the 
friction necessary for the drive is 
obtained by the tension or pressure 
of the flat belt on the pulley. A 
belt drive must result in a loss of 
power for three principal reasons. 
Hi .the first place the initial tension 
necessary for the drive causes extra 
friction in the shaft bearings, and 
secondly, the substance of the belt 
has to be bent continually and the 
internal friction overcome. Also, 
the belt “ creeps ” on the pulley, 
because it does not enter and leave 
the driving pulleys under the same 
tension, and, therefore, since it is 
more or less * elastic, it changes its 
length, and slipping is the result. 
Many complications enter into the 
question of obtaining the best results 
from a belt drive. 

In addition to correct design in 
the way of width of belt, material 
of the beft, diameter of pulleys, the 
distance between centres and the 
' arc of contact, the efficiency depends 
on a proper tension and the correct 
co-efficient of friction. One of the 
great difficulties, ‘however, is that 
the results obtained depend to a 
large* extent on the , atmosphere. 
The temperature and the amount of 
moisture, almost always varying, 
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Fig. 3 


liter the length of the belt, the 
ension, and the co-efficient of fric- 
ion, so that a considerable loss in 
fficiency cannot be avoided. In 
>ractice also, in most cases, the ideal 
:onditions as regards design are not 
>ossible, and the proper care and 
ittention necessary to the best 
esults is not* given. As a conse- 
1 uence the efficiency of the belt 
Irive in practice may be anything 
rom, say, 80-92£%„ and even under 
.he very best conditions about 8% 
>f the power is lost. Under average 
lormal conditions the figure is 8 12% 
oss, and in thousands of drives under 
lad conditions, particularly as re- 


ticle, and it will lx? •sufficient to 
say that the firm of Hans Renold 
started in 1870 making bicycle 
chains, and employed one man and 
one boy. The present model works* 
at Burnage, which were opened in 
1908, employ about 1,500 people, and 
are engaged in supplying every de- 
scription of driving chain to prac- 
tically every country in the world. 

There are various geiferal types of 
chain used for driving purposes. 

The bush roller chain, as illus- 
trated in Fig. 1, was invented by 
Mr. Hans Renold in 1870, and is a 
development of the old “ bowl ” 
chain, which consisted of a bowl or 
roller mounted on plain studs, and 
held between side plates. The bush 



Fig. 4. 


and other aerial profilers, centrif- 
ugal pumps, hot saws, etc. When 
the life of the chain is of minor im- 
portance, the speed can be as high 
as 5,000 7,000 feet per minute. The 
bush roller chain is also used for the 
great majority of direct drives from 
lineshaft to machines, in the slower 
speeds between lineshafts, and in the 



yards attention, the loss is as much 
is 20%. The essential point is 
:herefore, that in the average indus- 
rial establishment, say, 10% of the 
:>ower, that is 10% of the coal bill 
ised in the generation of power, is 
xdng lost in the belt driving alone, 
uid probably more ia the spur and 


Fig. 2 

Most of this loss can be prevented 
by the use of the modern chain 
Irive, which has also other advan- 
tages in the way of increased floor 
space available, better working con- 
ditions, and a more even and regular 
turning movement, combining, in 
fact, most of the good points of the 
belt and rope drive, and positive 
driving as well. 

In order to get the latest informa- 
tion relating to chain drives, the 
writer made a special visit to the 
world-famous works of Me^rs. Hans 
Renold Utd., at Burnage, Manchester 
and takes the opportunity of thank- 
ing this firm for their very great 
courtesy in placing the whole of the 
facts at his disposal and showing him 
every detail of their factory. # The 
wonderful and efficient organisation 
of the whole establishment will form 
ample material for some future ar- 
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roller chain has bearings composed 
of a pin and bush knuckle joint with 
a roller running on the outside of the 
bush to reduce the friction between 
the chain and the wheel when enter- 
ing and leaving. It is also provided 


with shouldered studs to prevent 
the inner and outer plates from 
rubbing together when the chain is 
riveted up. This chain is provided 
with joints of two distinct types, 
aeording to the conditions, either 
a bolt and nut, or a spring clip, the 
latter being particularly used for 
cycle and motor-cycle work. 

The bush roller chain has a number 
of advantages for special purposes. 
Thus it is very light for the horse- 
power transmitted, and especially 
valuable for very long centres at 
high rates of* speed, such as aeroplane 


majority of second reduction gears. 
It is particularly suitable for motor 
cars, motor wagons, and cycles, and 
has the further advantage of being 
very narrow for the power trans- 
mitted, which is valuable where the 
chain may run out of line, and it will 
gear on both sides, often a big ad- 
vantage where jockey pulleys have 
to be used. 

What is known as the extended 
pilcli bush roller chain (Fig. 2) is a 
special variety of the ordinary bush 
roller chain, of simpler construction, 
intended for the transmission of less 
than 50 h.p. for comparatively long 
distances, and where large pinion 
wheels can be used. 

The silent inverted tooth chain, 
as supplied by various well-known 
makers, such as Brampton, Coventry 
Chain Co., Morse, and Hans Renold, 
is the original invention of Mr. Hans 
Renold, having been patented in 
1895. It consists, as seen in the 
illustrations (Figs. 3 and 4), of a 
series of flat steel links with working 
faces in the form of inverted teeth, 
hinged and held together by hard- 
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ened sled studs and liners or other 
bearings. 

The inverted tooth chain, whether 
with liner or segmental bush bearing, 
is essentially the type of chain for 
general factory driving purposes, as 
it gives noiseless and efficient running 
at the high speeds of motor driving. 
Thus a reasonable average working 
speed with a HI tooth pinion or over 
is 1,400 feet per minute, and in 
general, with pinions of 10 HO teeth 
the speed varies from 1,000 feet per 
minute at, say } in. pitch, down to 
480 revolutions per minute at 1 } in. 
pitch, transmitting up to 100 h.p. 
jx*r strand. It can be constructed of 
almost any width, so that for even 
the largest horse-power t fie number 
of strands required is small. In 
fact, in the most extreme cases it is 
not necessary to use more than four 
strands, and drives up to 000 h.p. 
are commonly installed with three 
strands. Under special conditions, 
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1. Kfficikxcy. 

The chief advantage of the chain 
drive is its much higher efficiency. 
Thus, under the best conditions, 
with enclosed forced lubrication, 
results as high as 1)0. 5% can be 
obtained, and 98% is quite a com- 
mon figure for ordinary commercial 



conditions with only moderate at- 
tention. That is to say, the substitu- 
tion of a chain drive for a belt drive 
results in a saving of no less than 
8 -10% of the power. Further, tlii.^i 
high efficiency is maintained through- 
out the life of the chain without diffi- 
culty, because as the chain wears, it 
mounts the wheel teeth and ada T* 
itself to a greater, but still correct 


2. Smai.l Stack ok Dkivk. 

The space required for the drive 
is extremely small, and infinitely 
superior in this respect to a belt or 
rope drive. In fact, a highly efficient 
drive can be obtained with the 
wheels almost touching, so that spur 
gearing can be replaced without 
difficulty. A good example of this is 
seen in Fig. <>, in which a “ Uenold ” 


a motor to 3-throw pumps at only 
24 inch centres. 

Another illustration of a heavy 
drive with a short centre is given 
in Fig. 7, which shows a chain drive 
transmitting 400 h.p. from a motor 
shaft running at 485 revolutions per 
minute to an overhead lineshaft at 
ISO revolutions. The drive consists 
of three strands of 1.75 in. inverted 


pitch circle. • chain is transmitting 150 h.p. from tooth chain, 7 ft. 2 in. centres, run- 

ning in enclosed oil bath gear case, 
with the chain lubricated by force 
pump from the filter sum]). In the 
photograph the gear case is removed 
to show the chain. The large grooved 
fly-wheel in the foreground was the 
former rope drive, and illustrates the 
great difference in the space. 

Again, in Figs. 8 and 0, is shown 
a gear cutting machine, first belt 
driven with a 0 in. belt, which was 
then replaced with a in. chain, 
resulting also in 40% additional pro- 
duction from the machine. In F'ig. 9 
the chain covers are removed to show 
the drives, overhead lineshaft to 
cutter spindle, and cutter spindle 
to dividing* and transverse motion. 

3. Smoothness of Running. 

The smoothness, regularity, and 
silence of the chain drive is extra- 



ordinary, and the value of these 


Fig. 6 


advantages can only be realised by 
actual practical exfierience. This is 
due to the fact that the load is dis- 
tributed over a large number of 
teeth, each tooth taking a small 
proportion, whilst also the jnill comes 
on very gradually. 

4. Posrmiv Driving. 

The drive is absolutely positive, 
and there is no slip, so that the 
power transmitted is always sure and 
definite, in addition, of course, to 
the high efficiency already mentioned. 

Other advantages of the chain 
drive include much greater reliability, 
the breaking of a chain being prac- 
tically an impossibility because of 
the large and definite factor of safety 
that can be given in the mechanical 
;onstruction of a chain. Also there 
is an absence of electrical discharge 
(as with belts), heat and damp have 
no effect, the erection is simple, no 
initial tension is required to secure 
adhesion to the pulleys, and the 
flexibility is much greater. 

A concrete instance of the com- 
bined advantages of chain driving is 
ijiven by an investigation carried out 
Into the working of grinding mach- 
ines. These machines, illustrated in 
Figs. 10 and 11, were titled with 
L'hain - drive equipment, inverted 
tooth chain drive for the actual 
grinding spindle, and roller chains in 
the other positions, and are engaged 
in grinding steel rods 7-8 feet long 
up to 0.375 in. diameter to an actual 
working limit of 0.00025 in. The 
original drive was by belt from 
5-speed countershafts. These belts 
as usual, gave much trouble, due to 
slipping, which meant irregularity in 
the quality of the line work required. 
Much time was also lost in adjusting 
the belts and trimming lip the ma- 
chines, and the life of the grinding 
wheels was uncertain. The applica- 
tion of chain drive resulted in 40% 
increase in the production of the 
machines for roughing work and 20% 
for finishing work, and a reduction 
in the power consumption of 20%,. 

In deciding upon the installation 
of a chain drive, it is always as well 
to consult the makers, who, of course 
have had a unique experience of 
almost every description of drive. 

In general, however, the selection 
depends upon the revolutions per 
minute of the shafts, the' pitch and 
type of the chain desired, the bearing 
area of the chain, the number of 
teeth possible in the pinions, and the 
method of lubrication to be adopted. 

In order, however, to give some 


general indication of the many con- 
siderations tliat enter into the choice 
of the most suitable chain tor given 
conditions, the following table of par- 
ticulars, and illustration (Fig. 12) of 
# a Hans Renold inverted tooth chain 
w ill be of interest. If a specially silent 
drive is required, the lower speeds 
given in Column K should not be 
exceeded, and a pinion used of not 
less til an 21 Jeeth. it may be stated 
that in practice the minimum number 
of teeth is Iff, and the maximum 120, 
and it is always preferable if possible 


to have the pinion of not less than 
30 teeth. 

It is a most uneconomical policy, 
often adopted, to try and reduce the 
linear chain speed by the use of 
pinions with a small number of teeth, 
which increases enormously the wear 
arid tear due to increasing the angle 
of link bend, etc., whilst the impact 
effect is not diminished. Elaborate 
tests carried out by Messrs. Hans 
Renold seem to indicate that for a 
horse power, revolutions per minute 
and centre distance, the chain wear 
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Lries inversely as the square of the 
miber of teeth in the pinion. In 
:neral it is befit to use a light chain 
1 large driving wheels rather than 
heavy chain on small wheels, and 
the lubrication is efficient and the 
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can always be supplied, it is very 
rarely necessary to go otatside these 
limits : 

Mi : 60, 10 : 04 , 21 : 70, 23 : 74, 

25 : SO. 30 : 84, 34 : 00, 40 : 04, 

44 : 100, 50 : 108, and 54 : 120. 
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pitch of the chain, but the wear and 
tear on the chain is increased and 
the life shortened. Also the centres 
should not be increased beyond 80 
times the pitch of the chain with a 
• limit of 10 feet, but vertical drives 
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limiting speed not exceeded, the 
larger the pinion the better the 
results. 

The following standard range of 
pinion wheels has been adoptejJ by 
Messrs. Haws Renold Ltd., and 
although any special combination 


As regards the distance between 
centres, the normal distance is 40-50 
times the pitch of the chain used, so 
that the arc of the contact between 
the chain and the wheel must not be 
less than IK) deg. The drive will work 
perfectly well below 40 times the 


can be arranged at much longer 
centre distances. The shafts should 
be reasonably horizontal and paral- 
lel, and the two wheels in proper 
alignment, whilst the end- play should 
not exceed 0.2% of the centre dis- 
tance. 
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A chain perhaps does not lend 
itself quite so well as a rope or a belt 
to the use of a jockey pulley, always 
an undesirable element. When a 
jockey has to be used with a chain, 
it must not be less than 25 teeth 
correctly cut, with at least .1 teeth 
in mesh engaged with the slack side 
of the chain. It should lie arranged 
to be adjustable, and should then 
be locked definitely in position. 
A chain should never be allowed to 
run too slack, and the centres should 
be adjusted regularly or a link taken 
out of the chain, and it should be 
cleaned thoroughly at intervals with 
paraffin. 

The chief point, however, in con- 
nection with a chain drive, especially 
for high speeds and difficult short 
distance jobs, which can be regarded 
also as one of its advantages, is that 
thoroughly efficient lubrication is 
required, and the best results are 
obtained by the use of a totally 
enclosed oil bath. The necessity of 
efficient lubrication will be obvious 
when we remember that the bearing 
pressure on the wearing surface, the 
joints, varies from 700 2,000 lb. per 
square inch, and such bearings re- 
quire lubrication like any other 
bearing. By far the most efficient 
method, especially for anything over 
20 h.p., and for all multi-strand 
drives, is an enclosed gear case com- 
bined with mechanical lubrication 
by means of an oil pump, as detailed 
in Fig. 13. 

The arrangement will be clear from 
the illustration, the oil being filtered 
and forced continually by a small 
pump driven from the shaft by means 


of a “strap” or belt against the 
inside face of the chain as it is run- 
ning. The pumps used by Messrs. 
Hans Renold are of the oscillating 
plunger type, being valveless and of 
robust and simple construction, and 
are of two standard sizes: (1) with 
a sump of 5 gallons capacity with a 
pump of Jin. plunger and 1} in. 
stroke, delivering 4 gallons of oil per 
hour at 100 revolutions per minute, 
and (2) a sump of 10 gallons with a 
pump of 1 in. plunger and 1| in. 
stroke, delivering 20 gallons of oil 
per hour at 100 revolutions per 
minute. The correct oil delivery is 
1 LJ gallons per hour per inch over- 
all width of chain. 

Since the great advantage of a 
chain drive is its high efficiency, it 
is poor policy, for the sake of a small 
extra capital outlay, not to adopt 
such up-to-date methods of lubrica- 
tion, especially when at the same 
time the whole drive is entirely 
closed up free from all dust and dirt, 
absolutely noiseless, and does not 
stir up dust by causing currents of 
air. A very efficient method also is 
simply to have a deep well of oil in 
the bottom of the gear case with the 
chain running through it, with an 
oil thrower disc of larger diameter 
attached to keep the oil in better 
motion if the pinion wheel is . very 
small. A less efficient method is by 
means of a drip lubricator, as illus- 
trated in Fig. 14, with a splash guard 
so that the oil drips regularly on the 
inner surfaearof the chain. 

The oil used must be of good 
quality mineral oil, medium heavy 
variety, which does not dry in the 


air, and if grease is used, it is best 
to avoid graphite greases, as they 
are apt to form a (Jeposit on the 
chain which impedes lubrication. 

The principles of design under- 
lying chain driving are of an ex- 
tremely complicated character, and 
include allowances for such points as 
the pull on the chain due to centrif- 
ugal force, as the chain travels at, 
high speed (especially when over 
2, (MM) feet per minute) round the 
driving wheels, and the catenary pull, 
important iq, the case of long drives 
and where the sag on the slack side 
of the chain is very small, together 
with flic calculations for the limiting 
speed of the chain, that is, the speed 
giving the least combined centrifugal 
and working pull. For this reason, 
also, it is always advisable to consult 
the makers as regards any proposed 
installation. Once installed, of course, 
the drive is perfectly simple, and 
requires far less attention than a belt 
or rope. 


Disadvantages 

1. Increased Cost of Installation. 
The only real disadvantage of the 
chain drive in most cases is the 
increased initial cost as compared 
with belts and ropes, and especially 
for drives of long centres. It is 
difficult to give comparative figures 
which would apply generally for 
obvious reasons, especially in view 
of the different prices charged for 
belting of different qualities in the 
various areas of the country. The 
besjt method is to get comparative 
tenders for any given drive, as each 
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job has to be decided according to 
the individual, circumstances. 

2. There are various other minor 
disadvantages of chain drivihg. One 
of these is the necessity of increased 
care and attention because of lubrica- 
tion. Perhaps the most important, 
however, is the fact that if anything 
goes wrong the chain drive still goes 
on. For example, if some accidental 
stoppage occurs in a machine, the 
belt generally flies off and reduces the 
damage, whereas, in the case of a 
chain, this does not happen. On this 


account, therefore, chains cannot be 
used in a few special drives, such as 
that of mules in the cotton industry* 
although we understand chains are 
now being devised to cope even with, 
this difficulty. 

The whole question of chain driv- 
ing is, therefore, a simple one of 
arithmetic, of increased capital cost 
against the much less annual cost of 
upkeep and wear and tear, and the 
saving in the power transmitted, 
averaging, as already stated, about 
10% all the year round. In most 


cases it will be found that the chain 
drive is a handsome investment, 
especially for distances of less than 
say 20 or 30 feet centres, and it is 
the object of this article to draw the 
attention of the power user to the 
advantages of the chain drive, and 
the necessity of investigating the 
matter thoroughly for each individ- 
ual drive. The fact remains also 
that the industries of Great Britain 
are, in general, much behind those 
of the United States with regard to 
chain driving. 


The Use and Advantages of Electric Power 

in the Factory 

By J. F. CROWLEY, D.Sc , B.A., M.I.E.E. 

Dr. Crowlev, in a paper read before the Royal Society of Arts, went very fully 
and sxstcmaticallv into the fundamental principles which govern the application 
of motive power under modern conditions. IVY give below a portion of the 
first part of this instructive paper, which will be continued in our next issue. 


T IIE manufacturer has, in 
regard to* the power he 
needs, two courses open ,to 
him 

(a) To purchase power 
from outside suppliers. 

(6) To produce power himself. 

In regard to the first., in many paVts 
of the country, notably in Lancashire, 
Yorkshire, Nottingham, Leicester and 
the woollen districts* of Scotland, it is 
possible to purchase mechanical power 
under those u Room and Power 
schemes which have done much for 
the starting of new industries in this 
country. In the case of a factory the 
author visited recently, some twenty 
manufacturers occupy one large build- 
ing, buying room and power from the 
proprietor. Apart from “ Room and 
Power ” schemes, however, the only 
power it is open to the manufacturer 
to purchase is in the form of electricity. 
The decision of the manufacturer on 
this matter is in the mail? a commer- 
cial proposition governed by a com- 
parison between the price at which 
power can be privately generated and 
electricity purchased. It should be 
affected, however, by important con- 
siderations, to which a commercial 
value can .only be given wifti due 
regard to individual conditions. It 
can be claimed that the purchase of 


power leaves capital available for a 
more remunerative investment in 
manufacturing machinery ; enables 
the management to concentrate its 
attention on the purely manufacturing 
side, and permits of a gradual ex- 
pansion of manufacture to meet de- 
mands, since all that is needed for 
such expansion is the purchase of 
further motors. This latter advan- 
tage was particularly noticeable in 
connection with the mobilisation of 
industry for munition purposes during 
the war. It is safe to say that without 
the adequate supply of electricity 
Great Britain had available, the 
steady growth in the manufacture of 
munitions which was so necessary to 
the success of the war could not have 
taken place. It is stated that 95 per 
cent, of the new factories put down 
for the manufacture of munitions 
were electrically driven. 

The further important point may 
be made in connection with the public 
supply of electricity, that there is, as 
has been pointed out, a steady ten- 
dency towards the taking of power 
from central power stations, aud that 
as the load of these stations grows in 
amount and diversity, their generating 
costs are certain to fall. The cost of 
coal per unit generated is only one of 
the items affected by an improved 


load factor, and it was shown recently 
that an increase in load factor in a 
Dutch station of from 40% to 56% 
would reduce the coal consumed per 
Kelvin from 1.87 to 1.7 1b. 

It need scarcely be pointed out 
before leaving this part of our prob- 
lem that the merits or demerits of 
electrical driving are not determined 
by a decision as to the purchase of 
power. The manufacturer who de- 
cides to make his own power can' 
convert it into electricity for power 
distribution throughout his factory. 

Electricity for public supply pur- . 
poses is in general distributed at high 
pressure for large industrial loads and 
at low pressure only for lighting and 
small industrial applications. For 
distribution to the motors in the 
factory it is usually reduced to a 
moderately low standard pressure, 
such as 500 volts. This is done by 
means of static transformers which 
are sometimes placed in a sub- 
station from which a number of mills 
are supplied, or more generally separ- 
ate transformers are provided for each 
factory. It should be pointed out 
here that some public supply com- 
panies in India so arrange the terms 
on which they supply current as to 
offer strong inducements to manu- 
facturers to avoid the installation of 
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transformers and apply high tension 
current direct to the motors. This is 
a practice which, in general, cannot 
be too strongly deprecated. High 
tension motors suffer from several 
drawbacks where ordinary industrial 
power applications are concerned. 
They have perforce to be of large 
size, since small motors cannot be 
'built for high pressure, while because 
of the element of danger attending 
their use, it is not always possible to 
place them in the best position from 
a driving point of view. Those dis- 
advantages tend to nullify the flexi- 
bility in application of electricity for 
driving, which, in the author’s opinion, 
forms its greatest claim to considera- 
tion. 

A practice also that appears to be 
developing in India in connection 
with the public supply of electricity 
is the undue penalising of the manu- 
facturer if the power factor of his 
installation fails to reach a certain 
figure. This clause in electricity 
supply contracts is working out in 
practice in a manner that the supply 
engineers can scarcely have antici- 
pated, The manufacturer, knowing 
that he is liable to suffer a severe 
penalty, if not to have his power cut 


off. if his power factor does not reach 
the value fixed by the supply com- 
pany, and being informed that large 
motors have a higher power factor 
than small motors and high speed 
motors than slow, is induced to put 
down large and frequently high speed 
motors. This again destroys flexi- 
bility and operates against the use 
of motors of a sufficiently low speed 
to be direct coupled to line shafting. 

A more general adoption through- 
out India of the system in use in 
Calcutta is desirable, by which the 
reduction in power costs that would 
accrue to the supply company from 
an increase in power factor is calcu- 
lated, and the greater part of the 
saving is credited to the consumer in 
the form of reduced charges, a corres- 
ponding provision being made for an 
increased charge for a low power 
factor. The author is informed that 
under the arrangement naw in force 
it would pay a customer to instal 
apparatus to raise his power factor, 
since, by so doing, he would get a 
reduction in cirftent charges that 
would pay a dividend on his invest- 
ment. Without such an equitable 
contract the supply company stands 
to gain and the manufacturer to lose 


by a too rigid adherence to standards 
which may militate r against good 
engineering. Any restrictions that 
tend to make the application of elec- 
tricity less flexible tend to make its 
adoption less (rapid . 

Apparatus to improve power-factor 
may be installed in the central power 
station or in the factory itself, prefer- 
ably in the factory, which is the seat 
of the trouble. The following are the 
more usual methods of improving 
power-factor ^ - 

(a) Static condensers. 

(b) Synchronous motors. 

(c) Synchronous asynchronous 

motors. 

(//) Phase-advancers. 

When the manufacturer decides to 
put down his own power plant, he has 
in practice three types of prime- 
mover to choose from : — 

(1) Tlie modern reciprocating steam 

engine. 

(2) The steam turbine. 

(.‘1) The Diesel or the semi- Diesel 

engine. 

Neither the Diesel nor the semi- 
Diesel have, even in India in close 
proximity to the oil fields, made much 
progress in industry. This is perhaps 
due to the comparatively large load 
furnished by individual mills, the 
expert attention required by this class 
of engine, and no doubt also to the 
speculative nature of the price of oil. 

The development of fresh oil-lields, 
a greater steadiness in the price of 
oil. or improvements in the engine, 
may lead to its greater employment. 
The author sees no reason to antici- 
pate such a development, however, 
and feels that any cheapening of the 
price of oil would lead rather to its 
use as a fuel for steam boilers, for 
which purpose it is finding a con- 
siderable outlet at present. 

The Prime Mover 

The real tight for supremacy in 
mill-work lies between the reciprocat- 
ing steam engine and the steam tur- 
bine. The steam turbine is smaller 
and lighter than the reciprocating 
engine ; it <?an be housed in a smaller 
building and requires lighter founda- 
tions than its rival ; its first cost is 
lower, and, assuming that a good 
vacuum is maintained, and that the 
size of unit is not too small, its power 
costs are lower also. It is, however, 
when \e come to the principles that 
should underly the application of 
power that the most signal ad van- 
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tages of the steam turbine begin to 
appear. The turbine, being a high 
speed rotary engine, instead of a 
slow speed reciprocating engine, pro- 
vides a turning torque on the shafting 
which is without cyclic* variation ; a 
fact which contributes very largely 
towards the attainment of high stand- 
ards for speed variation and cyclic 
regularity through the factory system. 
Taken in conjunction with the other 
factors mentioned, it has led to the 
growing adoption of thq steam tur- 
bine as the prime mover for private 
installations. It should be generally 
recognised, also, that so far as flower 
production on a large scale is con- 
cerned, the steam turbine is supreme 
in all cases wliere water power is not 
a serious competitor. Its almost 
universal adoption by central station 
engineers whose business is the main- 
tenance of a reliable supply of power 
at a low cost, may be taken as a clear 
indication that it has proved itself to 
be the most satisfactory prime-mover, 
and, in the author’s view, its exclusive 
adoption for all factory installations 
exceeding 1,000 kw., when power is 
not purchased, is only a matter of 
time. 

The Principles of Power 
Application 

It cannot be too clearly emphasised 
that the production of a manufactured 
article of a quality and at a price td 
compete is the primary, if not the 
only objective, of the manufacturer, 
and that power is only one of the 
many agents he employs to secprte 
this end. With this in mind, the 
following broad principles may be 
laid down as governing its applica- 
tion : — ' 

(a) The building requirement for 
power purposes must be little, if 
at all, in excess of those required 
by the manufacturing processes. 

(b) There must be no interference 
with the lay-out of‘thc manufac- 
turing plant to suit the manu- 
facturing processes, lighting, ac- 
cessibility and supervision. 

(c) The power equipment must be 
reasonable in first cost and in 
running costs, and finally, 

(d) It must be possible to secure the 
maximum production from the 
machines : — 

(1) By ensuring reliable running. 

(2) By maintaining the average 
speed of the machines within 
tlie recognised limits. 4 

(3) By keeping the cyclic varia- 
tion in speed of the shafting 
within defined limits. 


(4) By facilitating pVompt start- 
ing in the case of machines that 
start and stop frequently. 

These are the basic principles that 
it is now recognised should govern 
every application of power to indus- 
try, and it may be said at once that 
the engineer can to-day satisfactorily 
meet each one of them, and that no 
reason exists on engineering grounds 
for any departure from their rigid 
application. When we proceed, how- 
ever, to deal with matters quantita- 
tive! v, we find these are affected 
by 

(1) External conditions, such as 
climate, etc. 

(2) The nature of the manufactur- 
ing processes ; and 

(3) The peculiarities of the ma- 
chines to be driven. 

Power requirements are affected by 
humidity and by temperature, which, 
by altering the tension of ropes, belts, 
and spindle driving bands in textile 
installations, and the viscosity of the 
lubricating oil, seriously influence the 
power required, and, indirectly, the 
speeds of the machines This effect 
is most serious in the morning and 


after week-end stops, and in India is 
particularly noticeable during the 
monsoon, when, occasionally, the in- 
crease in tension of the driving ropes 
and band* produces a load with which 
the engines have difficulty in coping. 

The nature of the manufacturing 
processes and of the particular ma- 
chines employed also influence to a 
marked degree the limits of speed 
variation it is desirable or practicable 
to lay down. 

Speed limits that would be reason- 
able in a textile factory wliere the 
material runs through continuously 
could not be obtained in a tannery 
where separate hides have to be suc- 
cessively passed through the machines, 
nor would it be possible to obtain that 
degree of regularity in the driving of 
a mangle or a loom that might reason- 
ably be anticipated with a ring or a 
flyer frame. 

As regards the first requirements 
governing the application of power, 
little comment is needed. Any excess 
in building specially required for 
jiower generation or application means 
additional capital expenditure, not 
directly remunerative. This may 
become serious if, for instance, large , 
motor alleyways are insisted on, and 
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in cases where only a limited space is 
available, the productive capacity of 
the manufacturing plant may be 
seriously reduced. 

With regard to the layout of the 
manufacturing plant, this should be 
carried out on the lines that best 
suit the manufacturing process and 
economical production. It is, for 
instance, in general desirable that, so 
far as possible, the raw material 
should enter at one end of the build- 
ing and pass through without inter- 
ruption to the packing and forwarding 
departments. The driving system 
should permit of this being done, and 
should not, in atfy way, by reason of 
shafting requirements, etc., interfere 
with the internal economy of pro- 
duction. 

The older mechanical drives, where 
heavy bevel gears and other mechani- 
cal transmission devices were em- 
ployed, did interfere, to a serious 
extent, with factory layouts, and 
prevented the adoption of arrange- 
ments best suited to manufacturing 
conditions. 

The equipment for driving, also, 
must not be excessive in first cost, 

' because here, too, it should be noted 
that any capital expended on ancillary 
machinery, such as the power equip- 
ment really is, is capital that could be 
usefully employed on the productive 
side. 

The requirements we have just been 
considering are intended to secure 
that the maximum amount of pro- 
ductive plant is obtained from the 
capital available, and wc have now 
to consider how far the maximum 
production can be obtained from 
the manufacturing plant actually in- 
stalled. This is secured, in so far as 
it depends on the power plant and 
transmission system, by having a 
reliable installation not subject to 
stoppages, and by securing that as 
steady a speed as possible is main- 
tained throughout the factory. 

Where a steady running prime 
mover drives directly a machine 
which floes not provide a cyclic 
variation in load, the speed of the 
shafting and transmission system 
geneially should be perfectly uniform. 
In no system, however, is it possible 
to secure such uniformity, and it 
becomes necessary to consider what 
variations occur and within what 
limits those variations can be kept. 
The variations usually met with 
arise from three causes — 

(a) Irregularity in turning move- 
ment of the prime mover. 


(b) The Starting and stopping of 
individual machines on a line 
shaft. 

[ c ) Cyclic variations in torque of 
> individual machines 

The effects produced by irregularity 
in turning movement of the prime 
mover are two-fold — 

(a) Variations in average speed of 
long period due to variations in 
load, of to poor governing 

(b) Cyclic variations due, for in- 
stance, to reciprocating moving 
parts. 

Governing and regulation have been 
so far improved that it is now possible 
to maintain the average speed of an 
engine within sufficiently fine limits, 
and the real trouble in factory drives 
is found to arise from rapid fluctua- 
tions in speed which are superim- 
posed on the average speed. These 
speed fluctuations, which are generally 
of high frequency, are commonly re- 
ferred to by mill engineers under the 
heading of “ cyclic irregularity." 

It may be desirable at this stage 
to consider permissible limits for 
speed variation based on experience 
of what can be obtained, and is ob- 
tained, in practice in textile work. 
A short time ago, in a series of 
articles* published in the Textile 
Recorder, a writer, evidently with 
experience, maintained that with 
modern systems of governing and 
regulation, it should be possible to 
keep the speed variation of a recipro- 
cating steam engine within 1 per cent, 
and H per cent., and that a variation 
beyond H per cent, to 2 per cjnt. 
should not be tolerated. He found 
that at the driven end of the first 
motion shaft the speed variation had 
usually increased to a much higher 
figure, such as 5 per cent., but that it 
should bo possible to design the lay- 
out so as to keep it below 3 per cent, 
at this point, and that a higher figure 
should not be permitted. Proceeding 
now along the shaft from the driven 
end, he found a steady increase in 
speed variation until at the extreme 
end figures varying from 9 per cent, 
to 17 per cent, were reached. 

It was found, however, that when 
the .speed variation at any point ex- 
ceeded GJ per cent., the effect on the 
spinning was distinctly noticeable, 
and weaving on automatic looms was 
impossible. This writer, therefore, 
gave 6 £ per cent, as the maximum 
permissible sy^ed variation that 
should be allowed in any part of 
a textile mill. 

* Textile Recorder. Manchester, Feb. 15, 
1911, to Feb. 15. 1912. 


The figure was clearly what the 
writer felt he could hope to obtain 
in a ipecbanically driven mill, and 
the fact that he was willing to permit 
of a speed variation, the harmful 
effect of which was noticeable on the 
machines, was clearly because he had 
little hope of obtaining better results 
in mills driven on the older systems. 
Tests the author took in India in a 
good factory have shown that a speed 
variation of 1 per cent, near the engine 
became 3J per cent, at the beginning 
of the furthest loom shaft, 9 per cent, 
at the middle of the shaft, and 14 per 
cent.* at the end. Fig. 1 shows the 
layout of the shafting in this factory, 
and indicates the points at which the 
readings were taken; while Fig. 2 
shows a photographic reproduction of 
the actual readings themselves, the 
small vertical scale divisions corres- 
ponding to a speed variation of 1 per 
cent., and the distance between the 
horizontal points corresponding to 
three-quarters of a second, or six 
seconds over the scale. The difference 
in the speed variation at points 3 and 
3a is specially to be noted, and also 
the rapid increase in speed variation 
at 3b and 3c. The author ventures 
to say that at no part of a mill 
shafting system should the speed 
variation exceed 3 per cent, to 5 per 
cent., and hejooks forward to the 
day when every industrial power 
system will be tested and passed for 
speed variation on a standardised 
basis, to limits such as these, before 
being taken over. 

« The effects of speed variation as 
shewn by experiments are that when 
it exceeds a certain limit some ma- 
chines cannot be run at all, the pro- 
duction of other machines, and in 
particular of spinning machines, is 
affected through breakages, and the 
production of all machines is reduced 
below the maximum of which the 
machines are capable for reasons that 
will be clear from the diagram shewn 
in Fig. 3. The first curve, I, in this 
diagram shows a speed variation of 
14 per cent., giving an average speed 
of 93 per cent., or 7 per cent, below 
the maximum speed attained. The 
second curve, II, illustrates an at- 
tempt to improve the drive, and 
shows a speed variation of 6 per 
cent., giving an average speed of 
97 per cent., or only 3 per cent, below 
the maximum. The fall in average 
speed illustrated by the first curve 
represents a direct loss in production 
of 7 .per cent., and is a feature of speed 
variation, to which all too little at- 
tention is given. The same remark 
applies to the progressive character 



345 


I N P U S T R I A. L INDIA 


of the speed variation from the engine 
to the extreme end of the most remote 
line shaft. Ffbm a manufacturing 
point of view, the rapid oscillations 
of shafts which result in the speed 
variations we are now considering, 


shaft they are less with fast shafts 
than with slow, and with &hort shafts 
than with loug. They are, on the 
other hand, stimulated by any 
cyclic variation of speed of the prime- 
mover. 


chines used, and to a lack of apprecia- 
tion also of the needs of the industry 
and of the personal equation of those 
employed in it. He feels, therefore, 
that he need offer no apology for 
•entering fti some detail into these 
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are more serious than the slow varia- 
tions in average speed to which 
reference was made earlier, and are 
produced in the mhin by the starting 
and stopping of machines, an<j# by 
the irregular torque of individual 
machines. For a given thickness of 


The author believes that many of 
the mistakes made in connection with 
the application of power to particular 
industries are due to a lack of know- 
ledge on the part of those making the 
application, of the processes employed, 
and of the peculiarities of the ma- 


elements, choosing for this purpose 
an industry which furnishes problems 
to the power engineer typical of those 
he is likely to meet with in most 
textile industries and in many in- 
dustries of a similar character. 

(To be continued) 
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The Allen Hydrautomat 


l'o meet the wishes of a number of our readers , 
we give below a detailed description of the Allen 
Hydrautomat , by courtesy of Messrs. Allen 
Hydrostatic Puntp Syndicate Ltd., London 


A SIiU< OrKRATINO means 
of lifting water in any 
quantity to any desired 
height, without the use of 
any standard equipment, 
such as pumps, rams, turbines, or water 
wheels. It lias no moving parts other 
than an inlet and outlet sluice-gate. 
It is entirely self-contained, and pro- 
vides its own motive power by the 
employment of two natural sources of 
energy ; the weight of a column of 
water — and the pressure of the atmos- 
phere. 

The operation is continu- 
ous. It requires no housing, - 

attention or supervision. There ! 
is nothing which can wear out, 
or lose adjustment. It may be 
constructed from timber, steel 
or concrete— in fact any ma- 
terial which can be made water- 
tight, or practically so. 

The cycle of operation is so 
simple as to be baffling on first, 
inspection. The effect seems to 
flout the rule that water cannot 
move uphill. In the hydrauto- 
mat it is pushed and pulled up 
by successive impulses. One is 
that of automatically compressed 
air. The other the pressure of 
the atmosphere working against 
a vacuum. These impulses are 
self-induced, and follow each 
other in continuous alternations. 

Avoiding technical details as 
far as possible, there is unlim- 
ited scope for a fool-proof device 
which will abstract from a flow- 
ing river (or from a tidal flow) 
a given proportion of its water, 
and raise it to a desired height.. 

In all countries there are large 
streams on which hydraulic 
power developments are not 
feasible, owing to the small 
amount of fall (or " head ”) 
available for driving turbines. ft 
It is axiomatic that the lower 
the head, the greater the cost 
per horse- power developed. In 
all countries there are arid, or w " 


semi-arid, areas, within reasonable 
distance of rivers, but the local 
conditions, plus the cost of pumping, 
have made irrigation impossible. At 
other points there are tides which 
cannot be economically used for 
power on account of the enormous 
expenditure involved . 

In each of the above cases there 
may be ample water, but the water 
is not in the right place. The farmer 
oil the hillside is ruined by drought 
while he looks down at the river in 
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the valley. The tides ebb and flow, 
with their stupendous energy still 
unharnessed. The river glides to the 
sea, and, because its fall is so gradual, 
turns nothing but a few millwheels. 

These ate the cases, or some of 
them, to which the hydrautomat is 
directly serviceable. Furthermore, it 
is the only thing that can serve. Nor 
has the progress of scientific research 
yielded anything so far which has a 
parallel application. It would not be 
applicable did not the theory march 
in step with the great forces of 
nature, and draw from them 
both its simplicity and effi- 
ciency. 

Principle ok Design. — In 
order to describe the apparatus 
c as lucidly as possible, take the 
case of a* river on which there 
can be had a head, say, of six 
• feet. This head may be de- 
veloped very cheaply, especially 
if it is only desired to use a part 
of the flow for motive purposes. 

, In the accompanying diagram, 
call the upper level the head- 
race, and the lower the tailrace. 
There are six vertical feet be- 
tween them. At the half-way 
point, or lower, or higher, if 
desired, there is constructed, 
of any suitable material, a closed 
tank, proportionate in size to 
the capacity of the apparatus. 
This is called the “ operating 
chamber ” (A). It is supplied 
with an intake pipe (G) from 
the headrace, and from it there 
goes a discharge pipe (H) to the 
tailrace. 

Above it, and to the required 
height, is constructed a flight of 
alternating closed (C) and open 
tanks (D), which may be either 
over each other, or placed like 
steps up a hillside. These are 
interconnected by water-sealed 

J supply pipes (T). Each of the 
closed tanks is, in addition, 
coupled to the operating cham- 
ber by an air conducting pipe (F). 
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A.—Pressure Strokes • 

As to size, the combined capacity of 
the closed tanks is equal to that* of 
the operating chamber. 

From the top, a duct (E) conveys 
the lifted water to the desired point. 

That is all there is to the hydrauto- 
mat. 

Operation is confined to two strokes : 
pressure -then suction. 

Pressure.-— This is created by the 
weight of the water column which 
flows into the operating chamber (A) 
from the headrace (B). Its effect is 
to compress the air in ttys chamber, 
and force it out along the air-con- 
ducting pipe (F), whence it enters tty* 
overhead closed tanks (C). The effect 
here is that the water in these tanks 
(which has been lifted by the pre- 
ceding stroke) is, in its turn, forced 
out, and pushed up through t.%e con- 
necting pij5es (T) into the next tanks. 
These are open ones This water can- 


not escape downwards again, as the 
open end of the pipe by which it has 
come is slightly above the surface at 
the completion of this stroke. The 
compressed air, therefore, can only 
force the water upwards. One tligty 
is thus accomplished. At the end of 
this pressure stroke, the operating 
chamber and open tanks are full of 
water, but the dosed tanks are full of 
air. 

Suction. This is governed entirely 
by the normal pressure of the atmos- 
phere on the earth’s surface. The 
contents of the operating chamber are 
automatically drawn down and dis- 
charged into the tailrace. Simul- 
taneously the inlet sluice from the 
headrace is automatically closed. A 
vacuum is thus created in the oper- 
ating chamber, and this vacuum ex- 
tends to all the higher closed tanks 
through the medium of the air- 
conducting pipe. In consequence, the 
water in each open tank (these being 
now full) is sucked up one flight into 
the next higher closed tank. At the 
end of this suction stroke, the operating 
chamber and open tanks are empty, 
and the closed tanks are full of water. 
The inlet from the headrace is then 
automatically opened, the pressure 
water re-admitted, and the pressure 
stroke recommenced . 

Absence ok Valves. The pipes 
between the tanks are all water- 
sealed, so that all non-return valves 
or mechanical checks are dispensed 
with, and the downward escape of 
compressed air is prevented. It will 
be seen, then, that the conducting 
pipe only transmits the actuating 
agent from the operating chamber, 
in which that agent is developed. 
First, as compressed air, it forces 
water up one flight from the closed 
tanks into the open ones. Next, by 
the pull of a vacuum (which is at- 
mospheric pressure set free to act), 
it draws the water up a further 
flight from the open tanks to the 
closed ones. There is no escape from 
this sequence. It is a matter of push 
and pull— push and pull. 

Priming.- The hvdrautomat is 
automatically primed. A cock is in- 
serted in the conducting pipe between 
each of the closed tanks. These cocks 
sectionalise the apparatus. Also there 
is placed »on the operating chamber 
an air vent, used only in priming. 
When the chamber is entirely empty, 
this air vent is opened, and operating 
water admitted. The air vent is then 
closed, as also the cock between the 
two first closed tanks. The oi>erating 
chamber being then discharged, a 


vacuum is formed, and the lowest 
closed tank at once filled from the 
source of supply. The next stage is 
accomplished by oi>ening the next 
cock in the conducting pipe, and so 
on until the system is entirely primed. 

Low Pressure Employer — The 
system is equally effective at both low 
and high lifts, and at no point is there 
more than the pressure due to the 
operating head, no matter what the 
'height of delivery may be. In the 
above example, the maximum pres- 
sure is less than one and a half pounds 
per square inch. This is another 
striking advantage over the ordinary 
system of pumping. The height re- 
quired is reached by carrying the 
series of closed and open tanks, to- 
gether with the air-conducting pipe, 
to the desired point. 

Such, very briefly, is the action ol 
the hvdrautomat - the alternating 



B. — Suction Stroke 
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pressure of water and atmosphere. 
One being shut off, the other does its 
work. The sequence is positive, and 
the recurring pulsations, being but 
obedience to natural law, are inevit- 
able. i 

INLET AND OUTLET CONTROL.- Ill 
the diagram given, the principle of the 
supply and discharge sluices is shown 
as to clearly demonstrate their opera - 
* tion. In the hydrautornat, as erected 
and running at Carshalton, the ar- 
rangement is equally simple, but 
differently applied. The long invert 
of the discharge pipe (H) has been 
eliminated, and it ends just beyond 
the first bend. I tyre is placed the 
outlet sluice, itself being in balance 
with the inlet sluice controlling the 
entry of water to the operating cham- 
ber. From the bend a small pilot 
syphon is led, and discharges into a 
self draining bucket connected by 
wire cable with the inlet control. 

On the completion of the pressure 
stroke this bucket is filled by the pilot 
syphon, and by its weight opens the 
outlet. At the end of the suction 
stroke, the bucket, being now drained, 
is over-weighted by the inlet sluice 
and rises, thereby closing the outlet 
from the operating chamber. This 
very simple action maintains the 
positive action of both inlet and 
outlet. 

Independent Suction- It will be 
observed that in the above example 
one portion of a stream elevates 
another portion of itself. But this is 
in no way essential. The hydrauto- 
mat may conveniently take pressure 
from a muddy river in order to lift 
the clean llow of an adjacent spring. 

Automatic Air Control.— It was 
found, as anticipated, that unless 
special provision were made, there 
would be a small but constantly in- 
creasing addition to the air column 
in the hydrautornat, due to the fact 
that air bubbles must often be carried 
in by the operating water, and also 
as. the result of the liberation by 
agitation of some of the air con- 
tained in water itself. 

To meet this, an extremely simple 
arrangement forms part of the liy- 
drautomat, whereby excess air, when- 
ever it collects, is automatically dis- 
charged, and the air column kept at 
exactly the right length. This relief 
device comes into action only when 
excess air has accumulated. Further- 
more, what air remains is reduced to 
atmospheric pressure just before it is 
rarified by the suction stroke. 


Flexible Design.— A n important 
advantage is that the principle of the 
hydrautornat admits of it being con- 
structed in varying forms to suit vary- 
ing requirements. In addition to the 
designs shown in the diagram and 
photograph, it may be built in the 
shape of a self-contained tower, a 
stand pipe or silo. In this case, there 
are merely successive sections, separ- 
ated by Hoors without any air spaces 
between. The piping may be all 
inside, and itself be of concrete or 
even glazed tile. 

Another very simple method is to 
arrange the hydrautornat in success- 
ive steps on a hillside, and place most 
of the piping underground. It will 
be understood that the operating 
chamber may be installed at a con- 
siderable distance from the open and 
closed tanks. This involves merely 
the lengthening of the conducting 
pipe. 

The principle being thus fully de- 
scribed, the photographs taken at 
Carshalton require little comment. 

" A " shows the pressure stroke, 
with water issuing from the delivery. 

“ B " the suction stroke, with the 
operating water being discharged. 

It will be seen that t lie rapidity of 
the cycle depends entirely on the 
speed with which the operating cham- 
ber is filled and emptied, and is 
merely a matter of pipe sizes, given 
a suitable supply of water. 

In these photographs will be noted 
the small pilot syphon above referred 
to, which fills the self-draining bucket. 

In B this bucket can be seen de- 
pressed, having been filled by the* 
pilot syphon, and suspended from 
the wire cable running from the over- 
balanced inlet sluice. 

In “ A ” the syphon is not in action, 
because the apparatus is on the 
pressure stroke, and the water in 
the operating chamber has not risen 
high enough to make the syphon 
discharge. 

Jvffkct op Leakage. Should any 
leakage occur in the hydrautornat the 
operation will not be stopped, but 
only affected in proportion to the size 
of the leak. If this is the escape of 
air outwards on the pressure stroke, 
it means that while less water is being 
delivered, there is also less air to be 
exhausted before what remains is 
rarified by the suction stroke. If an 
excess of air is sucked in during the 
latter, it means that this excess will 
be automatically vented at once by 
the air relief attachment already men- 
tioned. 


The Essential Purpose. — In a 
broad sense, the office of the hy- » 
drautomat is to convert the con- 
tained energy of large quantities of 
water at a low head into that of a 
smaller quantity of water at a high 
head- or to compel a stream to hoist 
part of itself up over the land for 
domestic or agricultural purposes. 
The principle is fixed. The method 
of application is determined by local 
requirements. 

The hydrautornat has been patented 
in all countries. The issue of these 
world rights for an apparatus of pro- 
found simplicity is a tribute to its 
revolutionary character. The Ger- 
man officials extended their patent 
researches in this connection back 
into the histpry of science as far as 
the days of the Alexandrian mathe- 
matician, Hero, in the third century, 
and investigated the attempts of 
Gianibatista della Porta, an Italian 
physicist, in the sixteenth century. 

It appears that in the world's in- 
ventive record the principle has only 
been remotely approached. It has 
never hitherto been attained. The 
hydrautornat stands to-day as the 
fullest realisation of the dream of the 
engineer — “ the application of the 
forces of nature to the usage and 
benefit of man.” 
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Hyd raulic Rams 

By E. W. ANDERSON, Assoc.M.lnst.C.K., M.|.Mech.K. I 

7 he following is the discussion which look place on the 
above paper , which we published in our November issue . 


M R. R. H. PEARSALL said 
that while he was not in 
practice as a hydraulic 
engineer, his father had 
made important contri- 
butions to the subject. The late Mr. 
H. D. Pearsall had been interested in 
large rams for hydraulic mining and 
irrigation, and such rams w^re limited 
by the shock on closing the valve. 
He therefore designed a ram resemb- 
ling the Anderson ram, in the presence 
of a rising pipe to the delivery valve 
plate, but this pipe or chamber was 
adapted to empty the water and till 
with air at each stroke. This air pro- 
vided a cushion to the water shock, 
so that the main valve was able to be 
shut before the pressure in the ram 
had risen appreciably. In order to 
prevent the large main valve from 
hammering on its seat, it was con- 
trolled in its motion and operated by 
pendulum gear, and a small motor. 
The latter was drived by the. ail 
which passed the delivery valve each t 
stroke. 

In this way 2-ft. diameter rams 
had been successfully operated, and 
even larger rams might be made. By 
extending the air-chamber, the ran? 
might be turned into an air-com- 
pressor of very high efficiency, for it 
had been found that t|je cold wet air 
compressor chamber gave a com-, 
pression more akin to isothermal than 
to adiabatic. The speaker had the 
privilege of assisting his father in the 
design of such a compressor, which 
was now supplying rock drills in 
Devonshire, and worked during the 
war with practically no attention. 

Another form of ram was prac- 
ticable for such work as irrigation, 
where both fall and lift were small. 
This was substantially a “U” tube, 
in which the water oscillated. A 
valve was provided at the bottom of 
the “ U ” through which water flowed 
to waste, gaining energy in the long 
or fall leg. Upon closing the valve, 
the water flowed on up the riser leg 
and spilt over intp the high level 
channel. The reverse oscillation emp- 
tied the riser of water, and the stfoke 
was repeated.' In all these cases it 
was possible to calculate and foretell 


the actions and j)eriods with reason- 
able accuracy. 

The paper was a valuable record of 
experiment, and did not attempt to 
analyse the actions taking place. 
While we restricted ourselves to the 
small ram, this was probably the right 
thing to do, but it was not possible 
in the larger cases where analysis was 
most important. The difficulties the 
author had had to meet were apparent 
when the results were plotted, for 
many disturbing factors were seen to 
prevent the drawing of good curves. 

With regard to the length of drive 
pipe, it was clear that the shock and 
its losses were largely confined to the 
ram itself, so that they would not be 
increased by increase of drive pipe. 
But the energy in the water would be 
increased with increase of drive pipe, 
so that the relative loss was less, and 
the efficiency greater. This would 
continue to be the case until the 
greater length of pipe introduced 
frictions which reduced the efficiency 
again. 

Eor efficiency the flow' forms were 
important. Ilis father had paid much 
attention to this, providing divergent 
foriys beyond the main valve witli 
success. It would appear that the 
weight of the main valve was a 
dynamical question, depending on the 
proportioning of the design as a whole. 
On plotting Table II (page 108), a 
curious drop in efficiency with low- 
lift ratio was noted with the higher 
main valve lift. 

Mr. J. R. Easton said he did not 
know of any rams at work in Bir- 
mingham, but he could remember oue 
at Sbifnal, and there were three at 
Patshull Park (the Earl of Dart- 
mouth's scat) which had been working 
since 1850. 

With regard to the tables given, the 
efficiency figures had been deliberately 
taken on the .low side for commercial 
•reasons, so that they could be prac- 
tically certain that the rain supplied 
would give the results mentioned. 
He noted that Mr. Anderson said 
that the bodies of the rams were left 
rough, as cast, but it was his (the 
speaker's) practice to have the bodies 
machined for about 2 inches below 


the lip of the outer valve To obtain 
the different ratios from 18 to 1 to 
58 to 1 with the 2-in. ram mentioned 
in the paper, the stop-valve on the 
rising main was closed, and a bib-cock 
inserted between the valve and the 
ram, with a pressure-gauge. By 
throttling the bib-cock, Ihe amount 
delivered by the ram under different 
heads could easily be obtained. 

With regard to the durability of 
the ram, he knew of one which had 
been at work for over 100 years near 
Tunbridge Wells, and was delivering 
water both to the stables and, at a 
higher level, to the house. Some time 
ago the ram would deliver to the 
stables, and not to the house, and an 
engineer was called in who advised 
the expenditure of 1,150 on a hot-air 
engine to do the necessary pumping, 
but eventually the owners got in 
connection with his firm, who found 
that the valve was leaking. On 
supplying a new valve, the rain 
worked as well as ever, and was still 
at work after its 100 years' service. 
He knew of another case of a ram 
where the valves had not been 
touched for twenty-seven years, and 
when they were examined it was 
found that the ball of the. inner valve 
had nearly cut through the seating. 
The ram was delivering a third of the 
water it should have done, but was 
still working, in spite ot the bad state 
of the valves. In another case, where 
a house had changed hands, Ihe pur- 
chaser made no inquiries as to where 
the water supply came from, until 
after about four years it suddenly 
ceased, and then they began to look 
into matters, and found that they 
were not supplied by a water com- 
pany, but by a ram, and that a leaf 
had got between the valve and seat, 
which had stopped the ram. This 
was removed, and the ram worked as 
well as ever. 

With regard to the “ dirty -water " 
type, or cotnpound ram, he knew of 
a 5-in. ram by Messrs. Green & Carter, 
of Winchester, with 18 ft. fall, raising 
2\ gallons per minute to a height of 
305 feet, working with an efficiency 
of 64 per cent. Also one with a fall 
of 40 ft. against a head of 150 ft., 
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delivering 6J pints per minute, with 
an efficiency of GO per cent. All the 
efficiencies given were obtained under 
ordinary working conditions. 

He produced for inspection the 
original Montgolfier patent, dated 
181G, with the assignment to his 
grandfather and the coloured draw- 
ings deposited at the same time ; also 
a patent for a compound ram, which 
dearly foreshadowed the present ar- 
rangement of dirty-water ram, though 
he could not find out that any were 
made at that time. 

Mr. J T. Tidal said that after what 
he had heard, he need not question 
the reliability of # the appliance, but 
he had more than once come across 
such a ram ill South Africa working 
all by itself in some out-of-the-way 
rocky gorge, and he would like to 
know how it. was controlled, certainly 
not by closing the delivery pipe. He 
wondered whether somebody had to 
go to the ram, which was often in an 
inaccessible position, to stop it, or 
was the surplus water merely allowed 
to overllow. He concluded that, in 
any case, under such conditions, 
efficiency was not a material matter. 
He asked, also, what was the largest 
size of ram made ? 

Mr. A. Goldie Engholm inquired 
what protection was necessary against 
frost. 

The Chairman (Mr. E. C. R. Marks) 
said that he had once stayed at a 
house in Pembrokeshire where there 
was one of these rams 300 or 400 
yards from the house, and the only 
trouble was that he had to go there 
occasionally to take out the dead 
leaves which choked the ram or held 
up the valve and prevented its work- 
ing, because there was not an efficient 
strainer to keep it clear. He noticed 
that the author had said that the 
ram would not work without an air 
vessel on the delivery side ; he could 
not understand why this should be, 
as it would appear to him that the 
ram ought to work whether there was 
an air-vessel or not. He raised the 
question as to the pollution of the 
drinking water by the dirty water 
operating the ram, and would like to 
know whether this did not occur 
when the piston got leaky, and 
whether the sanitary inspectors would 
pass it, if worked by a polluted stream. 

Mr. K. W. Anderson, in replying, 
said he quite remembered being 
present when Mr. Pearsall’s father 
read his paper before the Institution 
of Civil Engineers, lie thought his 
lirin had never made rams over 6 in. 
diameter, and they generally recom- 
mended 4-in. rams as the lamest de- 


sirable size., They had put down as 
many as eight 4-in. rams, side by 
side, in preference to putting down 
one large one. With regard to the 
old ball-valve, it was no doubt more 
* difficult to repair than the flat valve, 
but worked satisfactorily, though it 
was not so efficient. A telegram had 
once been received at the works, 
“ Ram won’t work," and on sending 
over a workjnan to see what was the 
matter, he discovered that the stream 
had run dry, and naturally there was 
no water wherewith to work it ! As 
to the ram not working without an 
air-vessel, it would probably beat, 
but would deliver little or nothing, 
and with regard to the question of 
frost, he would ask Mr. Easton to 
reply, as he had had a much greater 
experience in installing rains. 

Mr. Easton stated it was found that 
when the ram was put into a pit, and 
covered over with a wooden cover, 
it kept running during frosty weather ; 
there was no trouble in that respect. 

With regard to the question of the 
pollution of the drinking water from 
the impure source by which it was 
driven, it would be observed that in 
the compound ram there were two 
small holes, just over the bottom 
piston, and below the upper one, 
through which any polluted water 
could escape, so that no mingling of 
the two streams past the upper piston 
was possible. 


Home Textile Experts 
Visit India 

Many of our readers will be inter- 
ested to learn that Mr. Geo. T. 
Barrett and Mr. Robert Bridge, two of 
the Directors of Messrs. Brooks & 
Doxey (U)20) Ltd., the well-known 
firm of Lancashire Textile Machinists, 
arrived at Bombay last month, and 
will be located at the Taj Mahal Hotel 
until the end of January. 

Mr. Barrett has been in close touch 
with all the developments of the 
textile industry for a considerable 
number of years. After serving for 
some time with Messrs. Howard & 
Bullough, he was with the firm of 
Messrs. Tweedales & ‘Smalley lor 
25 years, and, as their Home repre- 
sentative, played an important part 
in the development of their business 
in the British market. This ex- 
perience, coupled with his long ser- 
vice in the machine shops of both 
firms, olaees him in a verv special 


position to discuss all matters affect- 
ing cotton spinning from a practical 
standpoint. 

During the last half - century, 
Messrs. Brooks & Doxey have 
supplied a considerable j>ortion of 
the spinning machinery used in India 
and have completely equipped many 
important cotton mills. 

i -i 

Motor Passenger Vehicles 
on Railways 

In many countries trials are being 
carried out in order to determine 
whether it is not possible to find a 
cheaper means than that afforded by 
the oi dinary train, of meeting passen- 
ger travel requirements on railways in 
sparsely populated districts. Much 
has been done in this way in Great 
Britain, and quite recently the North 
Eastern Railway converted a Leyland 
motor-bus from road to railway use. 
Their experience so far is that this 
provides a facile and cheap means of 
meeting traffic requirements on branch 
lines, and enables them to provide a 
better service than would economi- 
cally be possible if it were necessary 
to run the ordinary train, and it is 
probable that fliis method of working 
will be extended. Similarly, in 
France, recent trials carried out in the 
Bordeaux district have shown that 
where traffic is comparatively light a 
GO h.p. motor in a four-ton car can haul 
(wo ten-ton coaches at speeds up to 
50* km. per hour on comparatively 
level standard gauge tracks, with a 
reduction of live to ten francs per km. 
in working co$ts as compared with 
steam. The French Minister of Public 
Works is encouraging these experi- 
ments. and it is stated that he has 
invited the Prefects of all Depart- 
ments to inquire into the practica- 
bility of using petrol motor traction 
on the Departmental lines, which are 
really light railways running alongside 
the country roads. 
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Low Head 'Water Turbines 


I T is not by any means generally 
known that water turbines are 
in regular use to-<lay* giving 
highly efficient results when 
working with very low heads 
This means that the water tur- 
• bine replaces the old-fashioned water 
wheel, and there are many plants at 
work all over the world operated by* 
these low head water turbines giving 
highly satisfactory results. 

Properly regarded, there is no 
competition between water power on 
the one hand, and steam power (and 
the like) on the other. While it is 
true that this is a matter of relative 
costs, in a general way wherever 
water power is available, it is the 
first, choice. It is frequently more 
economical to develop the water 
power, and it it is not sufficient, then 
consideration of the alternative be- 
gins, and a choice of auxiliary prime- 
movers is open. In some existing 
plants, the fuel-burning steam, gas 
or oil engines may have been in- 
stalled, without proper consideration- 
of water power resources, and here 
the tendency is to explore every 
means of obtaining all possible assist- 
ance from the installation of modern 
turbines, and to put the existing 
steam plant out of commission as 
much as can be arranged. 

As an instance of this latter ten- 
dency, we refer readers to the illus- 
tration on page 324, showing a water- 
driven pumping set. This comprises 
two independent water turbines work- 
ing under a maximum fall of 4 ft. t) in., 
direct-coupled to two duplex double 
acting force pumps, of a combined 
capacity of 1)0,000 gallons per hour 
against a total head of 210 feet. At 
the water-works where this set is 
lixed, all the pumping possible is 
done by water-power. When this is 
not at its maximum, the turbines are 
still kept in commission, but the 
stroke of the pumps (which is readily 
adjustable) is altered to maintain 
speed. The turbines are designed to 
give good efficiency even when the 
potential head is reduced by Hood, 
and will continue to give good results 
even with only one foot fall. This 
plant was designed and manufactured 
by Messrs. J. J. Armlield & Co. Ltd., 
London, the turbines being their 
“ River" patent type. The low-head 
high-capacity machine has now been 
brought to a very satisfactory point, 
rendering streams useful which it was 
impossible to harness successfully be- 
fore. This turbine is of high power 


in comparison with its size, rendering 
ita cheap unit, while its high specific- 
ated runner makes it most suitable 
for the generating of electricity. The 
" River " patent turbine can often be 
direct-coupled where otherwise losses 
would occur in the transmission neces- 
sary to obtayi a sufficiently high 
sj>eed for the generators. 

The above example is, of course, 
only one of many such installations, 
but gives an interesting insight into 
the Held which is open for the low 
head turbine. Where water is avail- 
able at any head, it is w'ell worth 
while to get into touch with the 
makers of modern water turbines, to 


obtain tin.* benefit of their experience 
whereby maximum power may be 
obtained from a given fall and 
volume of w'ater. and it is rather 
surprising what economies may be 
effected to-day by considering the 
most recent developments along these 
lines, when such a natural source of 
power is at hand. We emphasise this 
point because not only are standard 
types of machines available, but we 
understand from the firm referred to 
above, that they are prepared to build 
a machine to suit individual require- 
ments, the fact which under certain 
circumstances may be a matter of very 
vital importance as regards efficiency 


A Book about Sweden ( Continued from page 354) 


the educational system and social con- 
ditions in Sweden, partly illustrated 
with diagrams of railway and tele- 
phone statistics, etc. Swedish achieve- 
ments in sports and gymnastics are also 
mentioned. So far the introduction. 

The main part of the book is di- 
vided into two chapters, namely, 
“ Economic Life and Industry," and 
" Through Sweden." In the first of 
these chapters the reader is made 
familiar with facts and figures relating 
to agriculture, forestry and mining, 
with their adjuncts. England being 
a large consumer of Swedish timber, 
paper, iron and steel, much of interest 
will be found in these pages. Son^e 
figures and illustrations relating to 
the construction of electrical machin- 
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cry will, however, probably be quite 
new to the average reader. As an 
instance may be mentioned the rotor 
of a 30,000 H.P. generator (illustrated 
on page 02), constructed by the 
Swedish General Electric Co. Amongst 
the art industries, the manufactures 
of china and glassware, etched and 
engraved steel articles, etc., are men- 
tioned briefly, and the products of 
artistic handicraft are given some 
space. The subjects are necessarily 
treated concisely, but the main object 
of the book is to encourage travelling 
to and in Sweden. 

The chapter "Through Sweden" 
is treated more comprehensively, and 
the illustrations arc numerous. One 
finds that going to Sweden is both 
easy and comfortable, and that travel- 
ling in the country is exceptionally 
so. The reader is familiarised with 
the principal towns, the unique canal 
routes, and other well-known fea- 
tures, but besides this the book Lakes 
the reader to the wilds in Northern 
Sweden, which can be reached in 
comfort by rail. It is a characteristic 
of the book under review' that it treats 
many of these out-of-the-way places 
all over the country, and one gets a 
kaleidoscopic view of forest and field, 
river and lake, mountain and water- 
fall, in an iflmost bewildering variety. 
It must, however, be borne in mind 
that the walnut tree grows in the oak 
and beech region of the South, and 
that the country extends in a northerly 
direction to the region of the dwarf 
birch, which rises some six inches 
from 'the ground only. Hence this 
variety of landscape, of wliich a book 
can give a feeble idea only. 
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Stic am Tuhh inks. By Wii.mam J. 

Goudik, I). Sc., MI.Mech.F., etc. 

Published by Messrs. Longmans, 

Green St Co., .‘Iff Paternoster Row, 

London, K.C.4. Price 30/- net. • 
This volume is the second edition of 
Mr. (foudie's text book on Steam 
Turbines, and although the first 
edition was issued so recently as 
February, 11)17, this new edition has 
l>een practically rA-written and also 
enlarged, a fact which indicates the 
very rapid progress made during 
recent years in the development of 
the steam turbine 

The volume under review covets 
the subject in a most detailed and 
complete manner, some H00 pages 
being devoted to the subject of 
steam turbines pure and simple, that 
is to say, the turbine itself is dealt 
with to the exclusion ol all auxiliary 
plant. 

Ivach different type of turbine is 
consideted in detail, and special 
chapters are devoted to such sections 
as The Properties of Steam, Nozzles, 
Blading, Rotors, Mechanical Reduc- 
tion Gears, Governing, etc. Special 
attention is drawn to the peculiar 
value of the steam turbine for those 
industries where steam is required 
for heating and process work, in 
addition to that required for power, 
a steam turbine working under such 
conditions being an ideal machine. 
In fact, exhaust steam is supplied 
automatically for heating require- 
ments in accordance with the de- 
mands of the factory. 

Although this publication has been 
designed primarily for the steam 
student, it is obviously a text-book 
which should l>c in the hands of 
every engineer who is in any way 
associated with steam either on the 
manufacturing or running side. 

The following very brief summary 
of the chapters in the second edition 
compiled by the author gives some 
idea of the ground covered by this 
new publication. 

The introductory Chapter I is the 
same as that of the first edition. 

The descriptive Chapters, II, III, 
and IV, dealing respectively with 
impulse, reaction, and combination 
turbines, have been re-written, and 
contain illustrated descriptions of 
recent designs by leading makers. 


Reviews 


On account of the rapid develop" 
merit of the geared marine turbine 
within the past few years, the de- 
scriptive section on marine turbines 
has been recifst and enlarged to form 
Chapter V. 

This descriptive matter is prefaced 
by a short account of the develop- 
ment of turbo- propulsion. 

The properties of steam are dealt 
with in Chapter VI, which has been 
entirely re-written on the basis of 
Callendar’s characteristic equations 
and steam tables. 

Chapter VII, on energy diagrams, 
has been revised, and numerical 
examples have been calculated in 
conformity with the Callendar equa- 
tions and steam tables. 

Chapter VIII, on nozzles has been 
slightly enlarged. A section on the 
H</ diagram, modified to take account 
of supersaturation, has been added. 

The ordinary and modified 1 14 
diagrams, together with two service- 
able monograms for calculation of 
total heat and specific volume of 
superheated and supersaturated 
steam, are given on sheets in the 
pocket of the book. 

New worked examples have l>een 
added. 

Chapter IX, dealing with blading, 
has been revised and extended. 

Chapter X, on rotors, has been 
revised, and a new section dealing 
with the critical speeds of rotors 
supported on three or more bearings 
has been added, with a graphical 
solution of a three-bearing case. 

Chapter XI is new, and deals with 
the subject of mechanical reduction 
gears, with special reference to marine 
turbines. 

As the technical literature on the 
subject is scanty, it is hoped that the 
discussion in the chapter may be 
found serviceable by marine engineers. 

Chapter XII, on mechanical losses, 
has been revised, and new' worked 
examples have been added. 

Chapter XIII, dealing with the 
condition curve, reheat factor, inter- 
nal efficiency ana efficiency ratio, has 
been completely recast, and a new 
method, which is applied to pro- 
visional design calculations in the 
later chapters, has been developed. 


Chapter XIV, on steam consump- 
tion, has been re-written and brough| 
up to date. A section on feed-heating 
by means of steam tapped from the 
turbine has been added, together with 
new worked examples. 

Chapter XV, on the provisional 
design of impulse turbines, has been 
re- written, and new methods of cal- 
culation have been developed. Their 
application is illustrated by several 
provisional designs. ■ 

Chapter XVI, on the provisional 
design of reaction turbines, has been 
revised. More up-to-date designs 
have been substituted for those in 
the first edition. 

Chapter XVII, on the provisional 
design of the Ljungstrom turbine, 
has been revised and a new design 
lias l>een added. 

The descriptive Chapter XVIII, 
on governing, has been recast and 
brought in line with recent practice 
on land and marine turbines. 
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“ A Book a rout Sweden.” — Pub- 
lished bv the Sweden Traffic Associ- 
ation. 

* * 

Such is the title of a small volume, 
issued by the Swedish Traffic Associa- 
tion, an organisation whose principal 
object is to stimulate touring in 
Sweden. The book, however, covers 
a very much wider field than a guide 
book of the predominant type. It 
provides an introduction to the his- 
tory and politics, industrial con- 
ditions, scientific and literary activi- 
ties, and state of culture in general 
of the Swedish people, finishing up 
with an illustrated travellers' guide. 

Tbe introduction gives a short out- 
line of geographical facts, including 
geognostic and statistical data, and 
is illustrated with maps ranging from 
physical geography to hydro-electric 
statistics and comparative density of 
population, etc. One also finds notes 
about the flora and fauna of the 
country. The constitution of Sweden, 
the history of the people and their 
various achievements, are briefly out- 
lined. A chapter is also devoted to 
(Continued on page 352.) 
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W E have before us a hound 
copy of the first volume 
of Industrial, India, 
and we are amazed to 
find what a tiny patch 
of the vast field which lies before us 
has actually been covered during a 
whole year of prospecting. We are 
apt to overlook, in the excitement of 
political upheavals, the commercial 
conditions of a country, and to lose 
our perspective of its industrial pro- 
gress and development. Probably the 
industrial progress and development 
of India would have been greater than 
it has been, had the political atmos- 
phere been more tranquil, but, despite 
unsettling factors, this progress has 
buen remarkable. We are about to 
publish an account of the commercial 
and industrial evolution of Injlia 
during the last twenty- five years* and 
it will be found that in several vital 
directions conditions have completely 
changed. From bciftg an agricultural 
country, with undeveloped resources 
and out-of-date methods of working, 
India has been slowly but surely de- 
veloping into an industrial nation, 
despite the fact that three-fourths of 
her population are still employed upon 
agricultural pursuits. 

AAA 

Various causes have contributed to 
bring about this change. The rapid 
rise of Japan into a position of com- 
mercial eminence, and a careful study 
of the industrial history yf England, 
America, and Germany, gradually 
convinced Indians that the salvation 
of their country lay entirely in its 
industrial regeneration and develop- 
ment. This conviction was strength- 
ened by a report ’of the Indian Famine 
Commission, which gave as its opinion 
that the poverty of the people — and 
the risks to which they were exposed 


in seasons of scarcity was mainly 
due to the fact that agriculture 
formed almost the sole occupation ol 
the great mass of the population. 
The Report further suggested that 
diversity of occupation must be in- 
troduced, so that the surplus popula- 
tion can be drawn from agricultural 
work to manufactures or some such 
employment. In these days of mechan- 
ical inventions and scientific progress, 
it is, however, much easier to talk 
about industrial development than 
to effect it, especially in a country 
like India, which is full of ignorance, 
conservatism, and poverty. 

AAA 

Although the Government have 
done much to assist the growth of 
indigenous industries, they have not 
been able to do all they desired, and 
iflliat industries are now at work are 
almost entirely controlled by Euro- 
peans, and nearly 85 per cent, of the 
capital employed comes from com- 
panies registered in London. This, 
in the present mood of the Indians, is 
directly opposed to their most cher- 
ished ambitions. They desire to see 
India a manufacturing, as well as an 
agricultural country, and for such 
manufactures to be maintained by 
Indian, and not by European capital. 
The decay of old industries, and the 
creation of new tastes and habits, 
have built up a demand for foreign 
articles which Indians are becoming 
desirous of supplying for themselves. 
How far they will be able to succeed 
with their ambitions and aims is at 
present problematical. Let us, how- 
ever, briefly review some of the 
leading industries now at work in 
India, and mark the progress which 
has already been made. 

AAA 

Tiie question of transport, important 


in all countries, is especially important 
in India. Owing to the vast distances 
to be traversed, and the inefficient 
facilities existing, transport is at 
present one of the greatest hindrances 
to Indian industrial development. 
To quote the words of a Government 
Report in recent years this ” is a 
matter of the gravest concern.” The 
defence which the railway authorities 
make is the one of expense. They 
point to the fact that the returns show 
a great decrease in receipts as com- 
pared with the estimates : from 1st 
April, 1920, to 20th May last year, 
for example, the returns fell short of 
the estimated receipts by 208 lacs of 
rupees. This was due to a falling off 
in both passenger and freight receipts, 
which was in turn due to a lack of 
sufficient rolling stock. The local 
authorities state that the capacity of 
existing workshops in India is very 
limited, and that their output is de- 
pendent upon the supply of wheels, 
axles, and brake gear from England. 
We ask why on earth this should be ? 
Surely, after seventy years of railway 
work and experience, it ought to be 
possible for India to manufacture its 
own rolling stock. An engine which 
cost £3,910 in England trefore the 
war now costs £8,300, while the price 
of a four-wheeled wagon has increased 
from £210 to £780. Has it never 
dawned upon the railway authorities 
that the wisest and, in the end, the 
cheapest— policy would be to spend 
the money, now spent on importing 
material, and paying heavy freight 
charges, in developing local supplies, 
and training men in India ? It is not 
because Indian labour is inefficient, 
or that Indians fail to take interest 
in railway work, as is borne out by 
the fact that at the present time 
733,152 Indians, out of a total number 
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of 7. r )l ,7f>2, are employed in railway 
work. It; is, we fear, a question of a 
short-sighted polic y which fails to see 
the ]w>ssibilit ies of a situation. 

AAA 

us now take a look at the coal 
industry, A pamphlet published just 
prior to 1 he war by the International 
Geological Congress in Canada states 
that the coal deposits of India amount 
to 79,001,000,000 tons, which is more 
than the combined deposits of Russia. 
Japan, Persia, Spain, Manchuria, and 
Korea. Vet, despite- these vast de- 
posits, the- total production of coal in 
India in 1020 excluding what, is 
mined by the i. dyers for their own 
use (some 350,000 toils) was only 

17.002.000 tons, which is not only 

20.0 per cent., or 4,000,000 tons le-ss 
than the output in 1010, but is also 
far below the average per capita out- 
put of other countries, and worked 
out at only 04.4 tons per lie-ad of the 
number of workpeople employed, as 
against 184 tons in (treat Britain, 
SOO tons in the United States, and 
122 tons per head in Japan. Although 
these figures reveal a elecTease in pro- 
duction, capitalists are still firm be- 
lievers in the- possibilities of the trade, 
as is evidenced by the fact that the 
capital employed therein has steadily 
risen from Ks. 722 lacs in 1011 12 *o 
Rs. 037 lacs in 1020 21, while the 
number of joint stock companies in- 
terested increased in the same period 
from 128 to 250. India is capable of 
supplying a very lar^e* amount of the 
total coal demand of the world ; 
yet at the present time she* does 
not supply 4 per cent, of the 
world's output of coal. To sum up 
the present position of the Indian coal 
industry : there are vast stores of 
wealth lying idle because of our 
antiquated methods of mining, our 
out-of-date machinery, and our un- 
skilled and indolent workers. The 
world offers a great and wealthy 
market for our exports, but at the 
moment India is not even supplying 
her own internal needs. 

AAA 

Thk timber industry is another glar- 
ing example of our contention. The 
whole world is suffering from a timber 
shortage, and India is able to supply 
not only all the needs of the whole 
British Umpire, but the needs of 
many other countries as well. Vet 
India actually imports eWry year 
large quantities of timber in 1920-21 
the amount sent in from Japan alone 
amounted to 02,382 tons. The forests 
of India cover an area of 240,000 
square miles, and added to this there 


is a further area of 12,408 square 
miles under the control of the 1'orests 
department ; but up to now the com- 
mercial side of the industry has been 
neglected. Despite this, however, the 
forest lands produce a gross annual 
revenue of over 21 crores of rupees, 
ami a nett surplus, after deducting 
all working expenses, of 1 \ crores of 
rupees. The annual average pro- 
duction during the live vears 1914-15 
to 1918-19 tv as 387,003,348 cubic 
feet, but the authorities themselves 
admit that these figures could have 
been easily doubled perhaps trebled 
had more intensive and systematic 
forest management been employed. 

A A A 

It knino to the great staple industry 
agriculture. Recent Government 
statistics show that out of 021 million 
acres of land in British India only 
two thirds is under cultivation. Out 
of a total of 388,375,000 acres avail- 
able for cultivation, /.<*.. 03 per cent, 
of the total acreage in British India 
the aggregate amount under tillage is 

222,825,000 acres, or 30 per cent, of 
the total area. Of the remaining 
27 per cent, that could have been 
cultivated, 18 per cent, was not even 
taken up, while 9 per cent, was in- 
tentionally kept fallow. If the whole 
available acreage were put under 
cultivation, famine would bo reduced 
by over one-half, and probably even 
more, if new methods were intro- 
duced, for the present yield per acre 
in India is, to say the least, very poor. 
In Bombay and the United Provinces 
the yield of wheat per acre is only 
1,250 lb., as compared with 1,973 lb. 
per acre in the United Kingdom, and 
2,874 Ih in Belgium, while even in 
rocky Switzerland the yield is 1 ,858 lb. 
per acre. The average yield of barley 
per acre in the United Provinces was 
1,300 1b., as against 2.105 1b. in the 
United Kingdom, 2,953 lb. in Bel- 
gium, and 2,198 lb. in Switzerland, 
Kven the average yield of rice per 
acre in India is only half of what it 
is in Japan. Not only is much land 
going to waste then, but even the 
land under cultivation is worked in 
anything but a scientific manner. 
Fields are only ploughed very shallow, 
they are either badly manured, or 
not manured at all, irrigation is 
totally neglected, or else carried out 
in a very imperfect and inefficient 
manner, and even when seed is pur- 
chased it is of such an inferior quality 
that its productivif^orce is very small. 

It is estimated that if the intensive 
methods of cultivation which prevail 
in Japan and Holland were employed 


in India, agricultural production could 
be increased by at least 50 per cent. 

AAA 

Take agAin the Indian sugar industry. 
The average production of sugar per 
acre in Java i* 4 tons, and in Hawaii 
44 tons, whereas in India it is only 
1 ton. There is a larger area under 
sugar in India than in any other 
country in the world the area being 
half tlie aggregate acreage yet the 
normal output is only one -fourth of 
the world’s cane sugar. Recent re 
suits obtained from selected strains 
of cane show that an average yield of 
0,800 lb. per acre of raw sugar is 
possible, as compared with the normal 
yield of 4,000 lb. 

a A # A 

Wk have said enough to reveal a 
very unsatisfactory state of things 
existing in India to-day regarding 
what may be called her “ greater " 
industries, the production and output 
from which are undeniably much 
below what they ought, and could 
easily be made, to be. The same 
remarks unfortunately apply to 
what may be called (at present) the 
“ lesser ” industries. For example, 
copper which was at one time ob- 
tained and smelted from ore found 
in Southern India, Rajputana, and 
the Himalayas, and which, with 
enterprise and modern methods, could 
still be profitably worked. Nay, W’e 
go further, and question whether 
India might not become the greatest 
copper producing nation in the world. 
Instead of which, the industry has 
become practically extinct, and the 
annual average value of copper im- 
ported during the five years 1914-18 
was just over £800,000, The cor- 
responding figures for brass were 
£517,000. We could go on, if space 
permitted, piling example upon ex- 
ample, hut enough, we think, has 
been said to prove the unsatisfactory 
condition of most of the Indian in- 
dustries, and to justify the policy of 
Indt ‘striae India, which is to 
support and record any movement 
which seeks to encourage the de- 
velopment of India's resources and 
industries." 

AAA 

lx speaking" recently upon the present 
unsatisfactory condition of Indian 
trade and industry, the British Trade 
Commissioner remarked : “ There are 
only two remedies open. India must 
either perfect her own organisation, 
discard her old ideas and methods, and 
make a bid for trade in a manner in 
keeping with the times, or she must 
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relinquish the business. T Tp to date 
the sole efforts seem to have l>een 
directed to appeals to the Government 
—through the different Chambers of 
Commerce -for restrictions upon for- 
eign competition, so that the country 
might still go on undisturbed in the 
old inefficient, haphazard way.” India 
has been spoon-fed long enough, and 
if she wishes to take her place among 
the industrial nations of the world, 
she must first of all realise the keen- 
ness of the competition which is being 
carried on against her, and then strain 
every nerve, use every method, and 
employ every new machine to increase 
the output cf her existing enterprises 
and launch out upon an energetic cam- 
paign to revive her old and almost 
extinct industries. India must either 
“ go on, or go under,” aim which she 
does, depends entirely upon herself. 

AAA 

WK would like here to deal with a 
side issue which relates in every sense 
to the problem we have been discuss- 
ing. We have said in effect that the 
commercial prosperity of India and 
we may here include Ceylon depends 
not only upon the success of what we 
may term the major industries, but 
also upon the minor industries which 
are conducted throughout the length 


Centrifugal Steel Castings 

of the cylinder 12 indies. As soon 
as all the molten steel has been poured, 
the piston is slowly advanced, and the 
steel casting as it cools is coin- 
pressed from 12 inches to about 10 1 
inches. The whole process takes, 
sav, a quarter of an hour, about 10 
to 12 minutes being for pouring, 
revolving, and solidifying, and 5 
minutes in removing to the soaking 
pit. The hydraulic end of the 
machine to operate the piston works, 
as a rule, at 500 lb. per square inch, 
and the difficulty of making a tight 
joint at this pressure when in rapid 
revolution has’ been got over by the 
invention of a special form of stuffing 
box. The finished steel casting is 
easily ejected, because of the much 
greater shrinkage of cast steel as 
compared" with east iron, of which, 
as already seen, the casting cylinder 
is composed. When the steel casting 
is discharged from the machine, it is 
taken to a soaking pit and finished 
off under a hydraulic press. 


A demonstration was given at the 
Iron and Steel Institute meeting, held 
recently at York, by Mr. William 
McConway, of Pittsburgh, U.S.A., of 
his new mechanical process of steel 
casting, intended especially for pro- 
ductions such as tyre blanks and 
turbine discs, by centrifugal methods 
direct from the molten steel. This 
process may result in a complete 
revolution in the handling of steel 
from the molten condition to the 
finished product, and has been six 
years in course of perfection. In the 
case of tyre blanks, for example, by 
the ordinary process there is, as is 
well known, an enormous loss in 
metal in the form of scrap, and the 
great advantage of this new centrifu- 
gal process is that the amount is re- 
duced to less than 5 per cent. Mr. 
McConway claims also that the direct 
handling of molten steel by centrifugal 
means will enable us to product the 
cheapest forihs of rolled steel, such as 
’bars for ferro-concrete work, from 


ceiTtrifugally cast billets, and the 
blooming mill will become a thing of 
the past. 

The “ McConway ” centrifugal cast- 
ing machine consists essentially of a 
horizontal cylinder in which the east- 
ings are made, lilted with a piston, 
and having a hydraulic cylinder at 
the other end ot the machine. The 
molten steel is poured from a ladle 
through the runner into the casting 
cylinder or mould, using a detachable 
casting head, the cylinder revolving 
at a peripheral speed of 05 feet a 
second. The molten metal is at once 
thrown by centrifugal force to the 
periphery of the casting cylinder, and 
forms a cylindrical or ring-shaped 
casting, according to the mould used. 
The. casting cylinder is fitted with a 
cast-iron liner, and the piston has a 
cast-iron face, so that the actual 
casting takes place in cast iron. In 
the particular machines most in use, 
the diameter of the cylinder inside 
the liner is 30 inches, and the length 


and breadth of the country, and in 
many cases in the homes of the 
people. In short, the “ cottage in- 
dustries ” call for special help and 
consideration. Our Government and 
municipal authorities should do all in 
their power to foster these industries. 
This lias not always been the case, 
and reports recently to hand from 
Ceylon give an illustration of their 
neglect. When the plumbago in 
Ceylon failed, nearly lfA),000 work 
people were thrown out of employ- 
ment. The majority of them aided 
by local merchants took to manu- 
facturing tea chests for the export 
tea trade, and, up to a few months 
ago, a large industry was being 
carried oti, the men securing employ- 
ment as sawyers, transport workers, 
and makers of the cases. Not only 
did this industry save the men from 
the misery of unemployment, but the 
Government itself derived a consider- 
able revenue from transport, freight 
charges, dock and harbour dues, and 
so forth. During recent months, how- 
ever, the Japanese have become keen 
competitors, and, as a consequence, 
the local industry is threatened with 
extinction. In their efforts to capture 
the market, Japanese manufacturers 
have been selling at considerably 
under cost, and as the Japanese goods 


are allowed to enter Ceylon free of 
duty, local makers have been working 
under a serious handicap. Much of 
the local work is done in the homes 
of the people, and the locally made 
boxes call be umloubtably sold at a 
very cheap rati-: but, low as this 
price is, the Japanese are selling 
cheaper, and the local makers are 
consequently in despair. A few 
months ago an inlliunti.il deputation 
of the Ceylon manufacturers waited 
upon thi' l'inaiiiv Committee of the 
Government, and pointed out the 
serious condition in which the in- 
dustry finds itself, and requested that 
an import duty should he levied upon 
the Japanese goods. Such a tax 1 
would still pel mil of Japanese goods 
being sold at advantageous prices in 
competition with the local products, 
but it would save the local industry 
from extinction, and, by saving it, 
would secure the existing revenue 
from this source for the Government., 
who, otherwise, will be- compelled to 
find fresh means of taxation, and, 
moreover, it would piewnt a large 
number of people from being thrown 
out of employment. We have not 
yet seen the reply of the Government, 
but hope that something practicable 
will be done to preserve this industry 
for our splendid little island. 
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The Kenyon System 
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f|f Kenyon’s Patent Interstranded Cotton Driving Ropes 
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q During this time we have specialised on Textile Factory 

* Driving of all kinds from Main drives to Frame drives 
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* have repeatedly proved their merit. 
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Write for our Booklets on : 

“The Transmission of ‘Power by 
Ropes.” 

44 The Driving of Spinning Frames.” 

“ The Weilding Clutch.” 

44 The Ruscoe Patent Adjustable 
Gallows Pulley ^racket” 


William Kenyon 

DUKINFIELD 


& Sons Ltd. 

ENGLAND 



Conducted by FRANK DAWSON. 


THIS MONTH WE ARK FK ATI ’RING A SPECIAL REPORT OF 
THE TEXTILE MACHINERY EXHIBITION, MANCHESTER, l‘>22 


Some Notable Exhibits at the 


Textile Machinery Exhibition, Manchester 




T ill 7 , above 1 exhibition cannot 
claim to have represented 
the textile industry, as many 
of the well-known British 
makers were not repre- 
sented. Otherwise, the Inhibition 
was a most interesting and instructive 
collection of machines and auxiliaries 
relating to the textile industry. 


There were a large number of ex- 
hibits devoted to machinery for the 
manufacture of knitted underwear, 
and a visitor rather got the impression 
that such machines largely made up 
the inhibition. 

Space will not admit of trying to 
deal with many of the interesting 
features, so we have selected the 


following as giving some indication 
of the progress made in t his industry, 
and as revealed at the Manchester 

inhibition. 

Metropolitan -Vickers Elec- 
trical Co. Ltd. 

The question of the most efficient 
means of driving textile mills is again 



Model or a Steam Turbine specially designed 
lot Textile MJU Drive 


Metropoliian-Vickers Electrical Co. Lid. 
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receiving the attention of both mill 
owners and engineers. 

Many alternative* methods are avail- 
able when designing a new mill that 
cannot be considered in the case of 
existing mills. There is, for distance, 
much to be said for electrification 
Cither by “ group ” or “ individual " 
drive in many cases. In others, the 
arrangement, of the mill is such that 
a purely mechanical drive is the best 
and sometimes a combination of 
mechanical and electrical drive pre- 
sents the most efficient solution to 
the problem. Of mechanical drives 
we have a large variety of engines 
from which to choose, but since re- 
duction ^cars hav£ been brought to 
such a high state of perfection (notably 
in connection with ship propulsion), 
the steam turbine has assumed a 
paramount position. 

Illustrated on pane 358 is a working 
model of a steam turbine mechanical 
drive specially designed for textile 
mills, and readily adaptable to exist- 
ing mills. This model was exhibited 
by the Metropolitan V ickers Klcetrical 
Co. btd. f of TratTord Park. As will be 
seen from the illustration, the engine 
room of a mill is depicted equipped 
with a high-speed steam turbine, 
totally enclosed reduction gears, and 
rope wheel driving the shafting on the 
various lloors of the mill. If it is 
desired to provide electric light or to 
drive remote portions of the mill 
electrically, a generator could be 
coupled to an extension of the rope 
wheel shaft. This generator (which 
could be either alternating or direct 
current) is, of course, an optional 
portion of the plant, and could be 
either in the same engine room as the 
turbine or in an adjoining room, as 
shown in the model. 

The steam turbine is an engine 
which possesses the property of util- 
ising a high vacuum far more cfli- 
ciently than can be done by a re- 
ciprocating engine. Tu order to 
avoid loss of vacuum between the 
turbine and the condenser, it is very 
desirable that the latter should be 
placed as near to the former as 
possible. The best position, there- 
fore, for the condenser is immediately 
below the turbine exhaust. Hitherto 
this has entailed a basement of con- 
siderable depth, or a total height from 
condenser floor level to engine room 
ceiling greater than can usually be 
afforded in existing mills. Ttte Metro- 
politan -Vickers Company, however, 
have given great consideration to this 
point, and in the installation shown 
the total height, from basement to 
ceiling is only about 15 feet. The 



Company are making these machines 
in sizes varying from about 800 b.h.p. 
to 2,000 b.h.p., which is a range that 
should cover the requirements of most 
textile mills. a 

Some remarkable efficiencies can 
be guaranteed with this new machine. 
The actual steam consumption of the 
machine would, of course, depend 
upon the steam pressure, superheat, 
etc., hut as an example we may say 
that for a turbine of 1,500 h.p., this 
firm is prepared to guarantee that the 
steam consumption will not exceed 
10 lb. per b.h.p. hour, with steam at 
ISO lb. pressure, superheated ISO deg. 
1\, with a vacuum of 28 J in. Note 
that this per brake horse-power is 
equivalent to, say, 1) lb. per indicated 
horse-power on a steam engine. 

The model shows a condenser of 
the low level multi-jet type, in which 
the steam and injection water are 
intimately mixed, but a surface con- 
denser could, of course, be supplied 
if desired. ^ 

The condenser pumps are normally 
driven by ropes from the main tur- 
bine, and a small steam engine is pro- 
vided for driving these until the tur- 


bine is up to speed, after which the 
engine is cut out by means of a clutch. 
If electricity is always available for 
starting purposes, a small motor could 
be used instead of this engine. In the 
arrangement shown ill the model, a 
small D C. generator is also supplied, 
which can be driven by the engine or 
from the main turbine, two clutches 
being provided, one between the 
engine and dynamo, and the other 
between the dynamo and the rope 
wheel. This should prove exceedingly 
valuable for pilot lighting and when 
overhauls and repairs are being done 
throughout the mill at week-ends and 
holiday times. The main turbine is 
such that, if desired, it can be made 
suitable for passing out a quantity of 
low-pressure steam for heating the 
mill or drying, boiling, etc. 

Where there is a demand for steam 
at a pressure of 20-30 lb. for any of 
these purposes, such a proposition 
makes a very economical installation, 
as it takes very little more heat to 
raise steam to a pressure of 180 lb. 
than docs to raise low pressure 
steam at 30 or 00 lb. for hhating. On 
the other hand, steam in expanding 
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from 180 lb. to, say, 30 lb., can be 
made to do h lot of useful work in 
passing through the turbine.* 

W. T. Nicholson & Clipper 
Co. Ltd! 

This firm exhibited their Klinclm” 
belt-lacing tools and fasteners. The 
principle of this fastener is that a 
series of wire hooks are attached to 
each belt end, and after bringing the 
two ends together, a pin is passed 
through the two sets of hooks, after 
the manner of a door hinge. 

A special machine is provided for 
fastening the wire hooks to the belt, 
and these hooks are specially prepared. 
One of the features of this arrange- 
ment is the speed with which a belt 
may be repaired. The linn claim that 
a 3 in. belt can be joined up in one 
minute, and the operation is a very 



simple one ; any labourer can \x'i~ 
form it with efficiency. 

Another claim is flexibility, and 
that the fastener will run round tire 
smallest pulley without noise. Tlu# 
iastener is certainly a very business- 
like and practical arrangement. 

Wildt & Co. Ltd. 

Included in this firm's interesting 
exhibit were the thfee following 
machines. 

The “ George " vertical striper for 
fancy seamless hose and half-hose, 
which produces solid vertical stripes, 
cheeks, spots, and zig-zag etfeets. 
The original, or ground thread, is 
knitted continuously on all the needles 
as on a plain machine, and the pat- 
terning threads are superimposed, 
being laid additionally in the needles 
by means of special guides which can 
be put out of action at any desired 
course or courses, and, apart from 
thus making a continuous or broken 
vertical stripe, it can also be shogged 
laterally over a predetermined num- 
ber of needles, so that various forms 
of zig-zag effects are possible. A very 
wide range of patterns can be made 
on this machine, which is constructed 
in all diameters from 2 1 in. to 4 in., 
and in all gauges. It is entirely auto- 
matic in all its actions, and on ladies' 
hose runs continuously, passing from 
one hose to the other without any 
attention on Die part of the operator. 
In the manufacture of half-hose it is 
also automatic as far as the knitting 
goes, but it must stop at the end of 
each foot, so that the other cylinder 
may be inserted in the machine. ( >n 
half-hose the rib top is run on 1o the 
needles of one cylinder whilst the 
other cylinder is knitting, as on the 
Plain George machine. The gauge of 
the machine may be changed by sub- 
stituting other cylinders, either finer 
or coarser, together with the dial for 
the striping feeders. The length of 
the hose is governed by a measuring 
chain, and may be altered by re 
moving or inserting links. The pro- 
duction varies according to the gauge, 
number of needles, pattern, yarn, etc., 
and the average production is lf> to 
IS dozen pairs of half hose per week 
of 48 hours. 

The “ George ” Model B machine 
is for fancy hose and half-hose, and is 
a distinct advancement on anything 
which has been done previously in the 
fancy seamless trade. By means of 
a newly-created innovation in the 
development of certain camming 
arrangements, this machine gives an 
extensive range of patterns, c.g. t tar- 
tans, checks, spot effects, squares, 



■* Ocorftc " MoiU’l n II iltll & Co, lid. 


rectangles, and many combinations 
of plain and broken stripes, both 
horizontal and vertical, and other 
effects. Whatever the pattern, the 
machine produces a plain self foot 
(spliced) of any desired strength con- 
sistent with the gauge of the machine, 
which is constructed in all diameters 
from 2| in. to 4 in., and in all gauges. *• 
The Model 3 necktie machine is 
constructed in 2 in. and 2{ in. diam-’ 
eter, with 41) needles to 1)1) needles in 
the cylinder. That is to say, the 
finest gauge is 1(5 needles per inch. 
The machine has two feeders, six 
coloured striping apparatus to each 
feeder, two sectional pattern wheels, 
and automatic drawing off motion. 
The machine will make all compli- 
cated tucks, etc., as it has two sets of 
cams working on independent butts 
of nyedlcs, Kight different kinds of 
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George " Vertical Striper »S- <'<>. //./. 


needles can be employed in the cam- 
box, needles with single and double 
butts, high single and low double 
butts, and long and short latches. In 
addition, the machine has two sec 
tional design wheels, which for maxi- 
mum scope are equipped with inter- 
changeable bits held in position by 
segmentary plates; with these design 
wheels, in conjunction with the 
needles, an unlimited variety of 
designs may be obtained ; striping, 
diagonals, fancy spots, and plaited 
design and tuck patterns. In addition 
to the six colour latchguard, in place 
of the four colour on the Model 2 (thus 
rendering possible neckties containing 
six colours in all), it has also inde- 
pendent racking of the striping and 
tucking drums respectively. These 
movements are controlled independ- 
ently from the chain, so that on each 


course over flic full length of the 
necktie, as regards the striping or 
barring, the colour to be inserted can 
be predetermined. Likewise, within 
trh e limitations of the pattern wheels, 
the tucking effects can also be varied 
at will. These actions are quite in- 
dependent, and ;ire not con lined to 
the repeat of the drum as in the case 
of the Model 2. To cope with a large 
number ol Colours, this machine 
possesses a double - decker bobbin 
stand to take 48 bobbins, i.c., 4 
bobbins to each of the 12 lingers on 
the machine. Automatic change from 
design to plain for the neck band is 
regulated by the chain. There is a 
special slackening cam for the neck 
hand, and the machine possesses ad- 
justable stitch earns. It is equally 
well suited to work real silk, artificial 
silk, mercerised cotton or plaiting 
with these various threads. The same 
construction is used in Tin., Pin., 
14 in. and 20 in. diameter, for making 
scarves, etc. 

S Noton & Sons 

The cop paste apparatus and uten- 
sils exhibited bv this firm are for the 
purpose of securing a uniform thick 
ness of cop paste, and to do awuv 
with the unnecessary labour involved 
in carrying the paste from where it is 
mixed to the ditlcreiit spinning-rooms. 

These machines have had a long 
trial, and have proved satisfactory in 


O 



every way. They are essential to all 
spinners using paste, afid as many 
machines (have been in use constantly 
for over twenty years, they have 
secured for themselves a well-deserved 
reputation for Pliability. 

The illustration shows one of the 
double cylinder systems, with a 00- 
gallon mixing pan and an Sf)-gallon 
supply pan coupled up to pipes. 

The paste is first boiled and mixed 
in the mixing pan. It can then be 
pumped to the supply pan ; or, as an 
alternative method, the mixing pan 
can be fixed to a stillage of sufficient 
height to allow the paste to flow from 
the mixing pan to the supply pan. 

The paste is then pumped from the 
supply pan t hrough the Teed pipe to 
the various /pinning rooms. On this 
pipe a branch is lilted in each room 
with a self-closing tap, and an enamel 
basin fixed underneath to catch the 
surplus paste. 

A bend is fitted at the end of the 
Iced-pipe to the top room ; this con- 
nects it: to the return pipe. Tin* 
latter is of a larger diameter, and is 
conducted back to the machine in the 
basement. 

The apparatus can be used on the 
single cylinder system, whereby one 
cylinder is used for both mixing and 
supplying. This will be found ade- 
quate for a mill of about 80,000 
spindles on up to medium counts. 

Mixing machines are made in live 



Cop Paste Pumping and Mixing Machine 


6'. Noton 6- Sons 
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sizes, varying from 14 gallons (suffi- 
cient lor six pairs of mules) up to 
85 gallons (sufficient for 1 hi rt > six to 
forty pairs of mules). 

For those cotton spinning firms who 
appreciate the necessity of a con- 
tinuous supply of clean cop paste, 
without waste ot labour, these ma- 
chines will be found indispensable. 

Greenwood & Batlcy Ltd. 

The exhibits of this firm included 
the following two machines : - 

(1) " Climax ” pafciit combined 
twisting and winding frame, for flip 
twisting or doubling of any classes 
oi yarn of two or more ends, with any 


pie-determined number of turns per 
inch twist, and the winding of tlu* 
resultant twisted yarn in cheese form 
on to tubes or double Hanged bobbins, 
in one operation. Also suitable for 
putting extra twist, into single yarns. 
Machine designed to work all classes 
of yarn, including cotton, wool and 
worsted, llax, net silk, spun silk, 
artificial silk, jute, ramie, etc. 

.Special features of this machine are 
as follows : Klimination of one pro- 
cess in the usual routine of twisting 
two or more fold yarns. Large econo- 
mies in labour, power consumption, 
floor space, bobbins, and general 
upkeep required . High spindle 


speed, with consequent large pro- 
duction. Impossibility of occurrence 
of “single.” Individual dolling to 
each spindle. Perfectly cylindrical 
cheese and regular twist. No travel- 
lers, livers, or loose rollers. No 
ballooning or lashing. No grease- 
marked vain. 

(2) “ Climax ” patent cheese or 
cone winding frame, for winding wool, 
worsted, cotton, silk, or any other 
fibrous yarns from spinning bobbins, 
cops, or other forms of supply, on to 
cheeses or cones, 5 in. Ira verse or 
more if required. 

Special features of t his machine arc 
as follows: -Patent weighted cur- 



cumas Patent Combined Twister and W inder 


Greenuurxi & Dailey Ud. 
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riages, with steadying motion, whic h 
ensure perfectly round cheeses or cones 
with maximum length in each wound 
package. Improved stop motion, for 
up to six ends per drum. Patent dead 
weight disc tension motion, ensuring 
an equal tension <>u eacn individual 
end in winding. Special breaking up 
motion on traverse, so that two ends 
are never laid exactly over each other, 
and so preventing lacing during 
winding. Improved double earn tra- 
verse motion, giving positive* quick 
return at each end of traverse, thereby 
preventing overlashing at ends of 
cheeses or cones. Special facility lor 
changing driving pulley to alter tin- 
speed of the drum shafts on hcadstock. 

(!i) Squirrel cage protected type 
induction motor, 3 h.p., 400 volts, 
three-phase, ~>0 cycles, OoO r.p.m., 
with slide bed and pulley. 

" Igranic ” Star l>clta starter, fitted 
with one no- voltage and two overload 
releases. 

F. Davidson & Co. 

The Manchester agent of this linn, 
Mr. (leoffrcy Wollaston, gave us a 


very liteid demonstration of the firm's 
micro telescope. This apparatus is a 
combination of microscope and tele- 
scope, and it would appear to be ail 
important new development in aiding 
man to more closely examine detail. 

The combination of “ field ” and 
“ depth of focus ” made possible by 
this apparatus is truly remarkable. 
It is well known that when a high- 
power object piece is used in an 
ordinary microscope, that both field 
and depth are extremely limited, and 
therefore the object to be examined 
must be specially prepared. In the 
Davidson apparatus, however, this is 
not necessary, and to look through 
the eye-piece of this apparatus at any 
ordinary, unprepared object*, is to see 
such object as with the human eye, 
but, in addition, to sec it magnified 
many times, according to the lenses 
used. 

The scope for this new apparatus 
is very evident, and it may also be 


combined with a projector, or used 
for photographic purposes. 

Our illustration shows the “ Pavon” 
micro projector, which comprises a 
lantern body with a 4 in. condenser, 
and a supplemental condenser which 
takes the place of the ordinary pro- 
jecting objective. The body tube of 
the microscope is removed, and an 
adaptor to carry a microscope ob- 
jective is substituted. The Abbe 
rim of the microscope slides over the 
end of the supplemental condenser. 
The illuminant may be either a 
“ pointolite ” or an arc. The supple- 
mental condenser is focussed to bring 
a point of light on the specimen to be 
projected, and the focussing wheel of 
the microscope is employed to focus 
the image on the screen. In this 
simple way most effective micro- 
projection can be done, and object- 
ives up to | in. may be used with 
complete satisfaction. 

The British Northrop Loom 
Co. Ltd. 

The products of this well-known 
firm were well represented as follows : 


/ . /K/rit/xon S- < " 

The “ T ” model loom is the stand- 
ard narrow cotton loom for weaving 
from 2 to (bshafts inside treading, 
or for (lobby or jacquards. The 
loom on the stand was weaving a 
4-shaft twill shirting. It carries the 



T Model Northrop Loom 


usual Northrop motion for auto- 
matically supplying weft without 
stopping the loom, M. & 1\ auto- 
matic warp stop motion, and Roper 
automatic warp let-off motion. 

The battery will aetonunodate 24 
cops or bobbins, equal to about 2J 
hours’ supply on 24s weft. A bobbin 
is transferred from this battery whilst 
the loom is running at full speed, and 
the weft threads up into the shuttle 
automatically. 

The automatic warp stop motion, 
which is of the M. & P. type, stops 
the loom immediately a warp end 
breaks, and consequently avoids 
faulty pieces being made in the cloth. 
It. also permits the weaver to be away 
from a loom for an indefinite period— 
this being necessary when a large 
number of looms are being attended 
to by one weaver. 

The automatic warp let-off motion 
automatically regulates the tension 
and let-off of the warp from beginning 
to end, only one setting being required, 
and this is of a very simple nature. 

, The feeler, which controls the 
motion that renews the supply of weft, 
is of the latest side-sweep type, and 
it reduces the waste weft to less than 
1 per cent. 

The Lacey top motion is applied 
for making positive the action of the 
heald tappets. This keeps all healds 
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The plain Challenger (F.B.S.S.), of 
the bearded needle type, with measur- 
ing wheels, is the latest development 
of the plain Webber. It is built on the 
sartie lines and in the same factory as 
the Challenger (l'.B?S.) latch needle 
machine. 

The needle is of the same form and 
design as the firm’s regular cylinder 
needle, except that it has the beard 
instead of the latch. 

The stitch formation is as near to 
that of the straight bar, full fashioned 
t rallies as is possible on a circular 
frame, and consists of sinking, press- 
ing, landing, knocking-over and clear- 
ing. The needles being vertical and 
parallel, a true gauge of fabric, pro- 
portionate fo the gauge of the frame, 
is obtained. * 

The advantages of the bearded 
needle over the latch needle on fine 
gauges are well known, not the least 
important being the facility with 
which a good fine bearded needle can 
be obtained, compared with latch 
needles. 

On all line gauges from lb needles 
per inch upwards, this firm strongly 
recommend the new bearded needle 
frame, which can be built up to 34 
needles per inch. 

On coarser gauges the manufacturer 
has the option of the “F.B.W.” or the 
“ I'. 13. types. The main advan- 
tages of tile “ F.B.W.” latch needle 
type are that it is somewhat simpler, 
and therefore costs less. Also, where 
the bearded needle frame is not 
known, users would probably be well 
advised to keep to the latch jiiedle 
type. 

Seve ral improvements of great value 


have been embodied in the new 
“ F.B.S.S.” machine, notably ; Sec- 
tional sinker dial, combined hole and 
hunch stop motion, and simple swing- 
hack yarn guides. * 

The “ Maxim ” seamless automatic 
machine is intended for the manu- 
facture of all classes of seamless hose 
and half-hose, and is claimed to he 
the first practical machine with re- 
volving cylinder. 

The earns being stationary, it lias 
been possible to give them great 
solidity, and, in consequence, to build 
the machine upon a very solid basis, 
and eliminate the numerous disad- 
vantages and imperfections that are 
inevitable when all the vital mechan- 
ism of the machine has to revolve at 
a great speed. 

The “ Maxim ” is built in all diam- 
eters from 2 in. to 4J in., rising ] in. 
They are built from as coarse as three 
needles to the inch up to 20 needles 
to the inch, the finest machines being 
.311 in. diameter with 2N0 needles. 

The machines of 2 in. to 3] in. 
diameter are fitted with four yarn 
change levers, whereas those oil 3j in. 
diameter and upwards have live 
levers, unless otherwise ordered. 

The machine is likewise fitted with 
an appliance for splicing the ankle 
and sole, and with automatic slacken- 
ing in those parts, by which means 
the loops of the instep retain their 
normal length, whereas the loop of 
the sole slackened in order to admit 
the splicing thread. 

The perfected appliance for retain- 
ing the yarns eon trolled by the yarn 
change levers is simple in construction 
and positive in action. 


The firm’s necktie machine em- 
bodies a revolving cylinder, the bob- 
bins and all mechanism remaining 
stationary. All the controls are on 
a single function mechanism, and the 
pattern mechanism is a paper jac- 
quard, which can be quickly re- 
moved and replaced. 

Francis Shaw & Go. Ltd. 

Some very interesting temperature 
controlling and recording instruments 
were exhibited by this firm, and illus- 
trate how the old rule-of-thumb 
method of judgijig the temperature 
of the liquid in many textile processes 
is now giving way to exact methods 
of measurement. 

The following is a brief description 
of the “Taglialnie” temperature con- 
troller : 

The diagrammatic view shows a 
typical application of a (direct-acting) 
Tag controller of the most widely used 
form (with direct -acting diaphragm- 
motor valve), which application will, 
give a good general idea of how Tag 
controllers work, and emphasise the 
uncomplicated structural features re- 
sponsible for the high reputation of 
all 'fag automatic controllers. 

A thermostatic bulb (14), which 
feels the heat, is (usually) partly tilled 
with an easily vaporisablc liquid, and 
is provided with a ilcxiblc connecting 
tube (14i) which transmits the vapour 
pressure generated by temperature 
effects at bulb (14) to a capsular 
spring (12) which is provided with a 
flexible top that moves up or down 
in response to the internal fluid press- 
ure, thus actuating a transmitting 



Automatic Compensating Measuring Wheels 
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lever (III), which is held against the 
capsular spring (12) by spring pressure 
as shown. The transmitting lever (1*1) 
translates the motion of the flexible 
top of the capsular spring (12) to an 
air-valve stem (S). which contacts 
with an air-valve ball (ff), that allows 


all, a part of, or none of the com- 
pressed air pressure, supplied through 
an air-supply connection (3) to close 
throttle or open the steam valve by 
means of a diaphragm top, and as 
covered in detail later. 

The compressed air reaches the air- 


valve through an air-supply line (4), 
and through an air-supply port. (5), 
and enteros underneath the air-valve 
ball (0) ; if latter is allowed by the 
air- valve stem (8) to be lifted from 
its lower seat, tfie air pressure is com- 
municated through a cont rolled-air 
port (7) and through a eontrolled-air 
line (10) to the air-operated steam 
valve. 

That the proper amount (15 lb.) 
of air pressure required is available 
is shown by an air-supply gauge (1), 
while a controlled-air gauge (2) indi- 
cates tht' extent to which the steam 
valve is throttled, or whether latter 
is wide open or dead shut, and as 
exemplified later. If the air-valve 
stem (S) holds the air air-valve ball 
(fl) against its lower seat, no further 
air pressure is communicated to the 
eontrolled-air line (10), and any com- 
pressed air previously therein escapes 
through an air outlet (9), latter being 
simply a hole larger than the air- 
salve stem (S). The controlled-air 
line (10) connects to the air-operated 
steam valve mentioned and designated 
as a diaphragm-motor valve (17), 
which is partly or entirely closed by 
the building up of air pressure in a 
diaphragm chamber (11), the upper 
half of which is formed by a metal 
dome and the lower half by a rein- 
lorecd - rubber diaphragm, against 
which a so-called saucer rests, hitter 
being connected to a steam-valve 
stem (IS), which is surrounded by a 
steam-valve spring (15), thus enab- 
ling, air pressure to open and close the 
steam' valve (19). 


1 


Our Frontispiece 


AIk. Roxai.d Wiu-rki) Matthkws, 
who, at the age of thirty-seven, has 
been elected Master-Cutler of Shef- 
field, is the youngest holder of that 
office in the long history of the Com- 
pany. Mr. Matthews is deputy-chair- 
man and one of the managing direc- 
tors of Turton Bros. <K: Matthews 
(him.), of Neepsend Works, Sheffield, 
of which company his father is the 
chairman. He is also chairman and 
managing director of the allied busi- 
ness of J. P. Skinner & Co. (Uni.), 
spring manufacturers. He was edu- 
cated at Cheam School, at Eton, and 


in Switzerland and Germany. He 
“ joined up soon after the outbreak 
oi the war, and saw active service in 
Belgium and France, in the 5th 
(King’s Own) Yorkshire Light In- 
fantry, retiring with the rank of 
captain. Mr. Matthews’ family has 
been associated tor many years with 
Sheffield s staple trades, and his grand- 
father, William ^tliony Matthews, 
tilled the positions of Mayor of Shef- 
field and Master-Cutler concurrently 
in the year 1S53. The business of 
Turton Bros. & Matthews was 
established in the early sixties by 


two brothers Turton. Mr. Thomas 
Bright Matthews, uncle of the Master- 
Cutler, joined the firm in 1871, and 
some years later the Master-Cutler's 
father because a partner. The original 
products of the works were crucible 
stgel and files, but later the manufac- 
ture of heavy coil springs for railway 
rolling stock, guns, and general pur- 
poses was taken up. The business 
was converted into a private limited 
company in 1898. In the present year 
the company acquired the business of 
J. P. Skinner & Co., who specialise in 
making all classes Qf light springs. 
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. Molybdenum Steels 

Mr. C. N. Dawe, Clfiel Metallurgical 
Kngineer to tlie Studebaker Motor Car 
Corj>oration, read an interesting paper 
on the subject of molybdenum steels 
a short time ago Indore the American 
Society of Automotive Kngiuccrs. 
The Studebaker Company have had 
a most extensive* expei ience with 
molybdenum steels, and, in fact, 
have used over 2,000 tons of various 
mixtures in the manufactured)! motor 
car parts, such as transmission gears 
and shafts, rear axle shafts, steering 
knuckles a»d pins, and driving pin- 
ions, fitted in over 60,000 cars. Un- 
expected results of the greatest value 
to the science of steel and of alloys 
are given in the paper. For example, 
as showing the intricacy of the ques- 
tion, after a prolonged experience it 
was discovered that a steel containing 
0.30 to 0.40% molybdenum, 1.00% 
chromium, and over 0.30% carbon, 
is not suitable for water quenching, 
because of the formation of cracks, 
whereas a steel of almost similar com- 
position with a carbon content be- 
tween 0.23 to 0.30%, chromium <1.70 
to 0.90%, and molybdenum 0.30 to 
0.40%, is quite satisfactory. 

There is no question that chrome 
molybdenum steel is of great value 
for heat treated parts in the auto- 
mobile industry, whilst it is consider- 
ably cheaper than chrome vanadium 
steel, together with the additional 
advantage that molybdenum .can be 
obtained in practically unlimited 
quantities. It forges very well, and, 
when properly made, cold shears as 
easily as other grades of steel, and it 
responds extremely well to heat treat- 
ment operations, practically every 
piece answering to the llrinncll hard- 
ness test without difficulty, whilst it 
machines as well as any other steel. 

Molybdenum steel has also been 
found to possess numerous advan- 
tages in the manufacture of case 
hardened gears. As showing again 
the extraordinary effect that slight 
differences in composition have upon 
the properties of a sjeel, a given 
product of 0.190% carbon, 0.540% 
manganese, sulphur 0.010%, phos- 
phorus 0.025%, chromium 0.700%, 
and molybdenum 0.370%, when 
heated, for case hardening, for 3 
minutes at 1,425 deg. F. in a lead 
pot, gave a satisfactory # ^product 
when quenched in oil, but if heated 
for 4 minutes under otherwise iden- 


Industrial 

tical conditions, the product is much 
too brittle and practically useless. 
It was discovered that in com- 
parison with the usual chrome-nickel 
steel, chrome molybdenum steel will 
result in a given depth of case harden- 
ing in 10% less time, ^nd have at the 
same time an increase in shore hard- 
ness. It is the opinion of Mr. Dawe, 
also, that although chrome-nickel 
steel is almost universally used for 
case hardening of important parts, 
nickel molybdenum steel will be a 
formidable rival. The Studebaker 
Company use, with great success, for 
gears, knuckle pins, etc., a nickel- 
molybdenum steel of carbon 0.130",,, 
manganese 0.380%, sulphur 0.022",,, 
phosphorus 0.020",, nickel 1 .580",,, 
and molybdenum 0.20%, and they 
find it to be superior to chrome-nickel 
steel for case hardening, because of 
its property of hardening in oil in 
the hot rolled condition after carbon- 
ising, and because of its greater 
hardness. 

AAA 

The World’s Oil Supply 

Attention has been drawn again 
in America to the recent statement 
made by Mr. David White, the Chief 
Geologist of the United States Geo- 
logical Survey, with regard to the 
verv serious position of the world’s 
oil supply, especially from the point 
• of view of the United States. 

There is no doubt that we are 
rapidly approaching a crisis with re- 
gard to oil, although it seems to be 
impossible to get the world in general 
to realise it. During the last year or 
so, for example, largely because of 
various coal strikes throughout the 
world, we have had an extensive press 
campaign carried out on behalf of oil, 
in which the most reckless statements 
were made, such as, for instance, that 
coal was doomed entirely, and would 
be replaced by oil, quite oblivious of 
the elementary fact that the present 
oil production of the world is not 
sufficient to replace more than about 
10 to 12 per cent, of the coal. 

Mr. David White points out that 
American oil fields supply about 02 
V*r cent, of the oil of the world, whilst 
the home consumption in America 
has now risen to 75 per cent., so that 
it is necessary to import from Mexico 
115,000,000 barrels per annum. The 
consumption of fuel oil in America 
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continues to increase in the most 
remarkable manner, with the use of 
over 10,000,000 motor cars, and the 
wholesale conversion of merchant 
ships to oil firing. In this latter con- 
nection the American Government i.s • 
seriously alarmed, if only on account 
of the United States Navy, which 
alone takes 00.000,000 barrels per 
annum. 

The oil leserves of the world are 
extremely difficult to estimate, but 
Mr. David WhiU’s figures in 1920, 
from a commercial basis, were a total 
reserve of about 43 billion barrels 
(43, (MM), 000,000), of which 7 billion 
barrels arc in America and Alaska, 
•1} in Mexico, 11 in South America, 
5J in Persia and Mesopotamia, 5} in 
Russia, 3 in the Fast Indies, and 1 in 
India, with various other amounts in 
different parts of the world. It is, of 
course, very difficult to say what 
exactly is the real commercial oil 
reserve of the world, and Mr. White 
now admits that his figure is on the 
conservative side, and that perhaps 
a better one would be 70 billion 
barrels, in view of the uncertainty of 
the reserves in Siberia, India, Arabia, 
and South America. 

At any rate, it is evident that the 
world’s oil supply is not going to last 
very long at the present consumption 
of about 750,<M)0,000 barrels per 
annum, which is increasing rapidly. 
The United States Geological Survey 
know as much about oil as anyone, 
and there is no doubt that they are 
very seriously concerned about the 
position. 

Mr. David White is of the opinion 
that it is necessary, in the interests 
of the human race, that much greater 
efficiency be adopted at once in the 
use of oil. and that it would be much 
more economical if the use of oil for 
steam generation was abandoned alto- 
gether, so that the “ Diesel" engine 
could be used only, which is a much 
more efficient power generator. The 
alternatives to the oil supply of the 
world, suggested by Mr. White, are 
especially the low temperature car- 
bonisation of coal, and the develop- 
ment of shale carbonisation. The 
world’s reserves of shale are stu- 
pendous, and it is probable that there 
is much more fuel value in the form 
of shale oil in the shale deposits of 
the world than in the whole of the 
coal, lignite, and petroleum put 
together. 
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THIS SECTION DEALS WITH TI>E PROCESSES, METHODS, AND DETAILS OF MV^ACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


The Lincoln Automatic Arc Welder 


T O those who have had any 
tiling to do Villi the direct- 
ing of welding work, it is 
common knowledge that the 
human element plays an 
important, part, in the results obtained. 
A good operator, proud of his work, 
and conscientious as to his duty, can 
get a good electric weld with almost 
any type of machine in any degree 
suitable for delivering a working 
potential and current sufficient to 
fuse the electrode with the base 
metal. On the other hand, a poor 
operator, semi skilled, and not so 
conscientious, can turn out with a 
machine properly designed for electric 
welding a decidedly unsound and 
unreliable weld. To strike the happy 
medium it is necessary to train the 
operators in the numerous phases of 
his craft, instil into his mind the 
necessity of good workmanship, with 
an object towards better and more 
reliable welds, and to insist on the 
machines being purchased to be 
properly designed for are welding, and 
not merely a generating equipment 
with a breaking down element in the 
arc circuit to get a rough approach to 
the proper regulation and stability of 
the electric arc when in operation. 
The tendency for manufacturers of 
welding equipment is to carry out the 
points just discussed. In some in- 
stances a further step has been taken 
to design automatic welding equip- 
ment for eliminating the human 
element as far as can be done. Since 
a machine is mechanical, the human 
element will not be entirely removed. 
All automatic machines are designed 
for certain work, and usually the 
work is largely of repetition nature. 
This is necessary at the present time, 
because automatic equipment in- 
volves a higher initial outlay of 
capital than hand machines, and it 
is necessary to make full use of the 
equipment, in order that the mami 
facturer may have a reasonable oppor- 


tunity to work off the extra cost over 
the hand machines. If a manufac- 
turer can increase his production and 
decrease his labour costs, he will not 
only he able to market his product 
cheaper, but should he able to write 
off the initial outlay of capital in 
about three to live years. This will, 
of course, depend entirely on the 
quantities he can produce and dis- 
pose ol. 

Owing to the nature of the electric 
arc, and the intense heat; developed 
at point of fusion, it is genet ally 
accepted that the arc is of little value 
when welding steel £ in. in thickness 
or under, assuming that, hand methods 
arc employed, and no uuxiliaiv appar- 
atus is brought into action to dissi- 
pate the excess heat. 

The Lincoln Hied tie Company , of 
Cleveland, Ohio, U.S.A., have recently 
placed on the market a type of auto- 
matic electric arc welding equipment 


designed to overcome the difficulties 
hitherto experienced in welding the 
lighter gauge of sheet steyl. At the 
same time, although it will find its 
widest field of application on metals 
20 gauge to \ in. butt joint or in. 
on head seams for steel barrels, there 
is no reason to think it will not be 
a commercial success on heavier 
metals, for example 1 in. thick butt 
joints upwards. 

At the time of writing this article 
the machine is in successful com- 
mercial operation on range boilers, 
steel barrels, drums, cylinders, steel 
kegs, and a similar type of work of 
a repetition nature. The machine 
has also been applied to automobile 
construction at the largest motor ear 
concern in Detroit.* 

A complete welding equipment 
comprises a welding unit, usually a 
motor generator set, an automatic 
attachment, suitable clamps for 



Fig. 1 400 Ampere Variable Voltage Arc Welder 
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holding the work, and in the ease of 
circular objects Te<juiriiig heads to 
be welded in a turntable apparatus. 

As the Lincoln motor -generator 
forms* part of the complete equip- 
ment., an explanation will be given 
of its construction and electrical 
characteristics. 

Fig. 1 shows a four bearing set, 
complete with the necessary pieces of 
apparatus required to produce and 
give proper control and adjustment 
of the electric arc. A machine of this 
size, namely, 400 amperes, is capable 
oLwelding two pieces of steel butted 
and \ in. in thickness, or tour thick- 
nesses of 12 gauge material stacked, 
the weld being made on the ends, 
fusing them irfto Vine homogeneous 
mass. • 
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Diagram of Klevtrlcul Connections of Lincoln Arc Welder, un<l Volt- Ampere Cl 
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Fli 3. Universal Automatic Attachment 


A. Stabili/rr. 

H ('.round lead and ground [date 
positive terminal. 

C. PUvtrodv holder and lead negative 

terminal. 

D. ( Jem rat.or e\eiter 

1,. Alternating eurn-nt motor, squirrel 
cage, induction type. 

I\ Welding general < >i . 

< Ammeter to register welding current. 

II Field rheostat, for eontroPiug rc 
citation of wi lder 

1. Main line double pole single throw 
knife switch controlling the are 
circuit,. 

J ^Voltmeter registering welding po- 
tential. 

K. Slate or marlde switch panel. 

I. Diverter switches for lived adjust- 
ments of welding heats. 

M. A lit o starter for mot or equipped with 
no voltage release and overload 
relays. 

l'ig. 2 is a diagrammatic scheme of 
electrical connections of the welding 
generator. A curve showing the volt- 
ampere characteristics is also given. 

The Lincoln are welder is inher- 
ently a variable voltage machine. 
From the sketch it will be seen that 
there ate two fields, one marked 1J 
and the other F. Field V is built up of 
a large number <d turns, and in all 
resp>eets resembles a shunt held. It 
is, however, excited by a separate 
source of power, instead of the held 
Vicing connected across the brushes 
W, as is the ease with a shunt held. 
A Lincoln welding unit, will fall into 
one of three groups, viz., belt; driven, 
petrol motor driven, or electric motor 
driven by either an alternating cur- 
rent or a direct current motor. In 
all of the above cases, with the sole 
exception of the last, it is necessary 
to employ an exciter to deliver the 
source of power for the separately 
excited field P. When direct or con- 
tinuous current, as it is sometimes 
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called, is employed for the motor 
drive, the excitation for the separately 
excited held is obtained from the in 
coming povvet lines direct. When an 
exciter is employed, the separately 
excited held is always wrtund for 
receiving 12a volts, and the exciter 
obviously is designed to generate 
that voltage. When the motor supply 
is diiect current, the separately ex- 
cited field winding i<, « > t course, de 
signed lor the same voltage as th;ft 
of tile power supply lines. 

The held winding B of the variable 
voltage welder is a scrie-. held. It is 
so connected that it opposes the 
separately excited field B. The di 
vci tcr element I > *is introdiieed as a 
shunt, and is designed to regulate the 
amount of eurreut passing through 
the series field. By means, then, of 
the diverter switch, the amount of 
opposition produced by the series 
field may be regulated. 

Iu operation, when miming on no- 
load, tlu* generator will register a 
voltage in the 1 neighbourhood of fin. 
This is due entirely to the separately 
excited held winding. I'pou striking 
an aie\ the* series held sets up an 
opposition to the 1 original separately 
excited field, so that a drop in voltage 
is provided. T lie* mole curre nt that 
is made to llow through the are* 
circuit, and consequent Iv through 
the series lic-ld, the lowe r the voltage* 
will tall. Now, since the amount ut 
current (lowing in the arc eiicuit 
depends upon the* resistance* of the* 
arc, and on the resistance of the arc 
depends its length, it is evident that 
the voltage in the machine will de 
jK’tid upon the* length of the* aic, 
lienee* it is correct to say that the 
machine furnishes the voltage re- 
quired by the arc, and that tile- 
machine has inherent regulation. 

There are two ways in which the 
adjustment of the machine for differ- 
ent heat values may be made. A 
held rheostat (R) is introduced into 
the separately excited field circuit, 
in order to vary the* strength. The 
same result may be accomplished by 
diminishing or increasing the opposing 
effect, of the series field B. Both 
means of regulation are provided to 
give a practical range* of heat values 
for the welding unit. 

The stabilizer S. which is a con- 
tinuous copper strap wound on edge 
around a sot t iron core, is provided in 
series with the are circuit Vo choke 
back the rush of eurreut which would 
ilow at instant of short circuit in 
establishing the arc. The reason 
that a heavy short circuit current 
would tlow if the stabilizer were not 


used, is that there is a transformer 
action 1 let ween the series field and 
the separably excited field, and it 
nullifies fhe opposing effect, of the 
series field. By the um* of the 
•stabilizer, therefore, it is impossible 
1o have Mich a sudden rise of current 
in the are eireuit, hence the trans- 
former ac t inn fete! led to lines lint 
produce this effect. The* stabilizer 
has another beneficial effect, ill that 
once the an/ is established it resists 
any tendency lm the current field to 
change suddenly, thus it makes the 
arc* easier to maintain. 

The automatic machine itself is 
shown in the two vie ws, logs d and 4. 
Fig. d is a side view, and Fig. 4 is a 
view looking at the* machine diagon 
ally towards the base of the portable 
truck. It will be noticed, when re- 
ferring to column H, that it supports 
the* panel M and the* welding arm K. 
A desei iptioii of the* parts follows : 


Kltf- 4 . C*.lo>c View of Automatic equipment 

It. Two double polo single throw knife 
sw iti lies and I use proteetion for 
small motors and relays. 

C Relay box . 

1>. Switch and gear panel. * 

H Rheostat f.<r controlling armature of 
motor. N. 0 

h\ Rheostat >rn controlling lk-lds of 
motor. N 

('. Portable truck handle. 

11. Small clapper switch through which 
motor <J > is started and stopped. 

I barge dapper switch through which 
motor (N) is started or stopped. 


J . Feed motor for carbon pencil (F, 

Fig. 4). 

K Welding arm. 

b Motor bed. support for welding 
pencil, and adjustments for hori- 
zontal or vertical movements of 
welding pencil. * 

b.) • . 

b , Refer to Fig I 

b,l 

M. c'.ear l>.»\ through which adjustment 
of >pecd on b is obtained. 

X. Motor !<>r driving b through M. 

<). Push button control for motors J 
and N 

P. Three wheel cast steel portable base 
for entire automatic features. 

Fig. 4 shows a close-up view of the 
molonj, traverse and actual means of 
directing the are along the work to 
be welded. 

A Trank for raising oj. lowering weld-* 
iug arm to suit different heights 
of w f ork to be welded. 

It. Receptacle for holding carbon pencil. 

C. Water main conveying cooling med- 
ium to and from G. 

1 ) b< >ck nut for arm 1 . 


U bock nut for cylinder R. 
lb Carbon welding pencil. 

(b Copjn^ current carrying terminal 
feeding F. 

• II. Negative terminal lead from welder 
feeding F through I and G. 

I Copper arm supplying G 
b t . Adjusting nut for forward or re- 
verse movement of carriage, 
b , . Horizontal adjustment nut control- 
^ ling side movement of welding pencil 
b.,. V ertical adjustment nyt controlling 
up or down movement of welding 
pencil. 
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Low Temperature Carbonisation (ix) 

(Till-: E V F.RAKO - DAY 1 KS PROCESS) 

By DAVID BROWNLIE 

II. Sc. lions, (l.ond ), I-.e.s., A.M.I.MInK, Mom, Am. Soc. NIK., A.I.Mcch.l-' , etc 


HE “ Kverard-Davies ” pro- 
cess is the invention of Mr. 
W. Kverard Davies, of I (!) 
Victoria Street, Westmin- 
ster, London, S.\Y § K and 
the general principle of the process 
may be stated essentially as a car- 
• bonisation of coal at a charge tem- 
perature of $40 1,500 deg. IL (450 
S50 (leg. C.) in a continuous vertical 
retort heated externally on one side 
only, whilst at the same time being 
heated internally by a small portion 
of the heating gases passing through 
the descending charge, the externally 
heating combustion chambers being 
in three or four horizontal zones, and 
the retort under slight suction as 
usual, together with the addition of 
various other modifications to be 
deser i bed s u bse < picnt lv . 

With regard to the principle* on 
which the “ Kverard-Davies ” pro- 
cess is based, as we have already seen, 
coal may be carbonized in a retort or 
closed vessel either by external or 
internal heating. The theoretical 
objections to external heating in low 
temperature carbonisation are the 
bad heat transmission through the 
thick walls of the retort (especially 
when made of fireclay) and the ‘charge 
of the coal inside, so that a long 
period is required for carbonisation 
with a diminished throughput, one of 
the chief troubles of most low tempera- 
ture carbonisation processes, whilst 
in addition 10 15",, of the coal is 
required for carbonisation. The gas 
evolved, however, is of a very rich 
quality (700 750 B/fh.tL), and un- 
contaminated with any low quality 
gases. 

The disadvantage of internal heat- 
ing by means of producer or other gas 
is the fact that the retort has got to 
be of great length to get an adequate 
absorption of the heat a Ad reduction 
of the temperature of the heating 
gases, which causes a considerable 
resistance. Also the whole of the 
rich gas evolved by the low tem- 
perature carbonisation is mixed with 
the low quality heating gases, so that 
the final result is a large volume of 
inferior and low grade gas of 120 275 
B.Th.U.- The advantage, however. 


of internal heating is that it is much 
more efficient than external heating, 
because the heating gas is in more 
intimate contact with the coal, ol 
which, also, a much larger surface is 
exposed to t lie heat . 

Principle of Working. 

The principle of the " Kvcraid- 
Davies ” system is to combine ex 
ternal and internal beating with the 
object of obtaining the advantages 
of both. I p to 25",, ot the heating 
gases are passed through the descend- 
ing charge in the retort, and it is 
claimed that the efficiency of internal 
heating from the point ol view ot heat 
transmission and absorption is so 
great that the addition ol this amount 
greatly improves the throughput ol 
the retort. Thus it is maintained that 
the heat transmission at 1,110 1,470 
deg. 1\ (<>00 S00 deg. C.) is quicker 
than externallv heated high tempera 
tu re methods at 2,000 2,250 deg. h\ 
(1,005 1 ,235 deg. C.), that is, 1 inch 
per hour penetration of the maximum 
carbonising temperature. At the 
same time, the small volume ot the 
internal heating gases only results in 
tjhe fund exit gases from the retort 
with, say, *12 A 40, volatile matter 
in the coal, being reduced in quality 
to 400 550 B.Th.IL, so that they can 
be used quite easily for town s gas. 
The yield is given as 40 therms 
(4 000,000 B.Th.IL, equal to, say, 
8,750 cubic feet of gas at 450 B.Th.IL) 
per ton, and the product can also be 
mixed with producer or blast furnace 
gas for power purposes. 

As already seen, the temperature of 
carbonisation adopted is higher than 
the usual low temperature figure of 
*130-1,110 deg. 1L (500 000 deg. C). 
Mr. Kverard Da\ ies is of the opinion 
that with his retort, because of the 
increased heat transmission, reduced 
time of carbonisation and consequent 
less “ cracking,” the temperature of 
carbonisation can be 1,380-1,470 (leg. 
1L (750 800 deg. C.), whilst still re- 
taining the gaseous and liquid pro- 
ducts characteristic of the more 
usual low temperature carbonisation, 
although, generally speaking, 1,380 
deg. 1L (7.50 deg. C.) should be re- 


garded as the maximum. The cor- 
net figure, however, depends on the 
quality of the coal, and may vary 
ft on i ’ S40-I,5t>0 (leg. 1L (450 850 

(leg. C.L 

It may be stated, however, that it 
is t he intention to woi k 1 he " Kverard- 
1 kivies ” rebut at either high , medium 
oi low temperatures, according to 
circumstances, and the flexibility of 
the control of the temperature of both 
external and internal heating is 
claimed a* one of the advantages, 
together with the fact that coal, 
lignite, or other solid fuel can be used. 

Oil Yield 

In any low temperature carbonisa- 
tion process there arc always two 
opposing factors, higher temperatures 
to increase the yield of gas and tile 
hardness and value of the residual 
smokeless fuel, and lower tempera- 
tures to increase the oil yield and 
the value of the liquid products by 
the absence of cracking. The ques- 
tion of the percentage of the resinous 
constituents ot the coal comes into 
play in this connection, and some 
coals, for example, will not give a 
satisfactory hard low temperature 
household fuel because the tempera- 
ture is not high enough to melt the 
rosins. This can be got over by 
blending coals, and also to some 
extent by zone carbonisation, and 
Mr. Kverard Davies maintains that 
a combination of external and in- 
ternal heating is the best way of 
reconciling the two opposing elements. 
In general, 70",, of non-coking coal 
mixed with coking coal can be used. 

The claim is made that this method 
of low temperature carbonisation ob- 
viates the difficulty of the swelling 
and expansion of the coal, and yet at 
the same time gives a hard, porous 
household fuel, which is of course 
smokeless and free burning, with the 
emission of radiant heat, as usual. 

The swelling and frothing of coal 
under Carbonisation generally com- 
mences at about d( >0-750 deg. F. 
(350 400 deg. C.), but it is stated that 
the chief difficulty with this action 
in externally heated retorts is that 
the slow heat transmission means 
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that only 15 -25% of the total time 
of carbonisation is available for re- 
solidification, and the expansion hikes 
place in one stage and jaml^s the 
retOrt. In the “ Kverard- Davies " 
retort the carbonisation is in three 
or four zones, so that tin* swelling is 
carried out in successive stages, which 
makes the action much less severe, 
whilst the quicker heat transmission 
leaves 30 50% of the period of car- 
bonisation for re-solidification, which 
action is aided also by the internal 
heating. 

With regard to the quality of the 
residual smokeless fuel, Mr. Kverard 
Davies' contention is that the liVual 
0-12% volatile matter in low tem- 
perature fuels is not high enough, and 
better results are obtained with 10 
16%. Such a fuel is still •perfectly 
smokeless, ignites more readily, and 
it is claimed that there is no difficulty 
in obtaining a hard porous fuel, but 
for such conditions the total volatile 
matter in the original coal must ex- 
ceed 30% to give suiheient margin 
for by-product yields. The general 
idea of this theory is that the extra 
heat required to drive out the 4% 
volatile to give a produce of 6 12%, 
instead of 10-10%, is very cost.lv, 
and the extra by-products are not 
sufficient to make a profit. 

Construction 

The “ Kverard-. I )avies ” installa- 
tion (as illustrated in Figs. I, 2, and 


3) consists of twin firebrick vertical 
continuous retorts, the accessories, 
in the way of coal feeding appliances, 
housing, coke withdrawal mechanism, 
hydraulic main, etc., being on the 
usual vertical retort lines, and the 
price of the complete equipment will 
be alxmt the same as a high tempera- 
ture installation for the same through- 
put. 

Heating Arrangements 

Fig. 1 is a vertical section through 
the llucwork of the retort, the left 
(AA) being a section through the 
centre of the combustion chandler, 
and the right (BB) through the 
centre of the perforated waste and 
extraneous gas line, showing also the 
back chequered by-pass line. Fig. 2 
is a vertical section across (CC), 
Fig. 1 showing the longitudinal struc- 
ture of the by-pass arrangements, and 
Fig. 3 is a plan of (I>1>) Fig. 1. The 
general method of working is not 
easy to explain in a description of 
any reasonable length, but, as already 
stated, consists of external beating 
in which, in addition, up to 25",, of 
the heating gases passes through the 
charge through perforations in the 
retort. The external heating takes 
place on the outside only of the twin 
retorts, whilst a central vertical dis- 
charge or offtake passage is arranged 
between, connected to the exhauster 
main, .and into which is discharged 
the gases and volatile products from 


TABU', I. 






Horizontal 

Vertical 


Retort 

Retort 

(1) Coal gas (stripped) * ... 

12. U00 m. ft. 

14,000 eti. ft 


<5oo B.Th.l’.) 

(450 B.Th.l 

(2) Coal-tar 

10 gallons 

12 gallons 

(3) Benzole and toluol from stripping tin* gas 

3 gallons 

3 gallons 

(4) Sulphate of ammonia r . ... ... 

25 lbs. 

45 Ihs. 

(5) Saleable coke 

12* cuts. 

12 cu ts. 


TABU- 11 

(1) 

Coal gas 

X.oou cu. ft. (500 B Til l’.) 

(2) 

Coal tar ... 

15 gallons (including 1(1 gallons " Diesel 
• oil). 

(3) 

Benzol ... 

• 

2 gallons. 

(4) 

Sulphate of ammonia ... 

... | 30 lb. 

(5) 

Saleable low temperature fuel (10 

\i'[, • 

volatile matter) 

1 4 t v t . 


the two retorts. This arrangement 
is said to reduce cracking of the light 
oils to a minimum. The combustion 
chambers are arranged in three or 
four zones, and for average low tem- 
perature carbonisation the top charge 
zone may be at, say, 750 deg. F. (400 
deg. C\), giving hydrocarbon and oil 
formation, the next at 1,110 deg. F. 
(000 deg. C.) for the evolution of oil, 
the third stage at 1 ,3X0 deg. F. (750 
degi C.) for ammonia and gas (‘volu- 
tion, and the bottom and final stage 
for gas evolution and coking of the 
residue at 1,470 deg. F. (S00 deg. C.), 
depending, of course, on the circum- 
stances. but always on the principle 
of a gradually increasing tempera- 
ture. 'Hie amount of gas evolved 
per t( n by the carbonisation of 
average coal under these conditions 
about S,<!00 10,0(10 cubic feet at is 
450 500 B.Th.l T ., and of this 4,000 
5,000 cubic feet is required to heat 
the retorts if cheap external pro- 
ducer gas is not used. It is claimed 
that the final exit temperature to the 
chimney will not exceed 300 deg. F. 
(200 deg. C.), and that 75% of 
the heating walls in the " Kvcrard- 
Davics " retorts are actually trans- 
mitting heat. 

The dimensions of the retorts are 
t) 3(> in. in width, 24 36 feet in height, 
and 4 ft. 6 in. to S ft. 0 in. in length, 
with a charge of 10 30 tons, the time 
of carbonisation, that is for the coal 
to travel completely through the 
retort, being 8- 12 hours. 

Yield of By-Products 

As regards the yields which it is 
estimated will be obtained by the 
“ Kvcrard-Davics ” process on straight 
low temperature carbonisation, the 
figures in Table I are based on a 
standard average coal of 12,000 
B.Th.l J. per lb., with not less than 
30% volatile matter, or over 8° () 
water and H)" u ash. The existing 
(high temperature carbonisation) gas 
process with such average coal will 
give the following yields per ton of 
coal, taking the figures for the 
ordinary horizontal gas retort and the 
modern vertical retort. 

The “ Kverard - Davies " process 
with similar coal is claimed to give, 
with eight hours’ carbonisation at 
1,380 deg. F. (750 deg. C\). See 
Table II. 

In addition to the ordinary 
“ straight, "o low temperature car- 
bonisation process, the following ad- 
ditional auxiliary methods of working 
can be adopted : 

(I) Steaming the retorts on the 
zone system, the steam being first 
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superheated and then introduced into 
each of the three or four zones of 
perforated lines, and not merely 
as in ordinary vortical retort work 
admitted as a single steam jet at the 
bottom of the retort. A convenient 
amount is o 10% steaming, which 
increases the gas and ammonia yields. 

(-) It is also claimed that the 
yields may he ini]) roved by the 
addition of various gases, such as 
hydrogen, from outside sources along 
with the steam. 

(.‘1) Also a further variation is to 
construct the retort of a conductive 
material like carborundum, with the 
object of passing an electric discharge 
through the internal heating gases as 
they enter the charge, to increase the 
ammonia yield. 


1 he Use and Advantage of Electric Power in the Factory 

(Coni in tied from page 38b ) 


W here warps are manufactured for 
sale, a new method of warping is 
finding application, particularly in 
Dundee, viz., link or chain warping. 
The Linking Machine, so called, which 
was introduced from the cotton trade, 
consists of the usual bank or creel, a 
leasing apparatus, a measuring ma- 
chine, and the linking machine proper. 
The linking and the measuring ma- 
chine alone are power driven. They 
are mechanically coupled together, 
and driven as one machine absorbing 


about 1 d b.li.p. In some machines 
two warps may Ik* linked at once, or 
one only may Ik* dealt with. 

Instead of converting the warp 
into a chain by the process just dc- 

GEORGE TAYLOR (-.r^s) LTD. 

All Saint* Syflpet Works, BOLTON, EnjJ. 

Improved I.IC.IIT RUNNING KX PAN DUNS 
Ull AlHKk's ENGINEERING ACCESSORIES. 

Ac n»MA lie “ SAFETY ” WINCES. 

4 OKII.L ’ | Patent) Pressure Testing C.acgk 
for Tuning Petrol, lias un«l Oil Engines. 


scribed, it may be passed into a 
machine called a Ball Warping Ma- 
chine, which delivers the warp wound 
on a sgj-ies of rollers not unlike 
“ cheeses,” but larger. This machine 
takes approximately '5 b.li.p. to 
drive. Whether prepared in the 
linking or in the ball warping ma- 
chine, the warp has to be put through 
a beaming machine, in some cases 
alte;. being dressed, and in other 
cases in a “ green ” condition. 

(To be continued.) 
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Fireproof Doors* 

<* 

Some interesting tests <>// 
modern fireproof doors 


I T is a recognised fact that 
although it is impossible en- 
tirely to prevent outbreaks of 
tire, a great conflagration, with 
its consequent extensive damage, 
can be avoided by confining the lire 
to the small area in which the out- 
break originates. This can be accom- 
plished only by dividing buildings 
into fireproof compartment and by 
protecting all communicating open- 
ings with doors that are really fire- 
proof and not so merely in name. 
There are many types of doors which 
are called “ fireproof,’* and with some 
persons the idea prevails that fire- 
proof doors are constructed of wood 
covered with tin. 

Until the year MHO, these tin- 
covered doors were considered very 
satisfactory by authorities on fire- 
proof construction. In theory, per 
Imps, they were all right, but in prac- 
tice they were far from perfect., and 
suffered from the following defects 
(1) Dry red. ; . 

(2) No resistance* to wear and tear, 
especially where there is rough 
and heavy traffic through the 
openings ; 

• • 


(tt) Warping ; • 

(t) The tin sheathing perishing in 
dump atmospheres ; 

(">) bursting and collapsing under 
the combined effects of lire 
and water. 

Steel doors, on the* other hand, 
were supposed to be very substantial, 
but liable to buckle when subjected 
to tlu* intense heat of a lire*. 

Realising that the many defects of 
tin-covered doors would be avoided 
if replaced by solid steel doors the 
firm of constructional engineers, whose 
products arc lie re illustrated, spent 
years in perfecting the* design and 
construction of the* latter, and in 
MHO. two of their doors were pur- 
chased privately by the l'ire Offices’ 
Committee for the purpose* of mak- 
ing independent test -, although the* 
makers were unaware* of this at the 
time. 

In November, MHO, the Idle* Offi- 
ces' Committee edlieially tested various 
t vpe*s of fireproof doors, each being sub- 
jected to a te mperature of 2,000 deg. 
F. for a pc*riod of two hours, followed 
by a five minutes’ drenching by water 
at a pressure of 00 lb. Thcse_ tests 


resulted in the complete triumph of 
steed doors, which not only withstood 
the 1 e*st , but were* so little* affected 
by the heat and water that they were 
re*sold. and have bee*u in constant use 
e*ve*r since. 

Subsequently the* Ui re* < Hikes' Com- 
mittee completely revised the* rules 
for fireproof door construction, and 
in July, M.H2, issued a new edition, 
which has remained as a standard 
ever since. In this edition the place 
of honour is given to steel doors, the 
allowable* area e>f the* openings having 
been increased from to off square 
feet. Not only so, but steel sliding 
doors, which previously had been 
forbidden, were* allowed to be used 
freely, and the* regulations governing 
steel sliding doors we*re modelled cm 
the standard practice followed by 
the makers whose* doors we are de- 
scribing. In fact, the* tests changeel 
the- situation completely, and the firm 
has made ste el fireproof doors up to 400 
square fe e t . Another point in favour 
of steel fireproof doors is in connection 
with salvage*, for, while tin-covered 
doors are* useless after a fire, steel 
doors can be touched up and rcffxed 
after a conflagration, and even after 
disast rous explosions. 

buildings and warehouses fitted 
judiciously with steel fireproof doors 
not only limit the ravages of lire, but 
save their proprietors a considerable 
sum annually in insurance- premiums. 

With regard to hinged steel doors, 
some manufacturers use either butt 
or pivot hinges, but Messrs, booth 
prefer hinged-bands, which arc carried 
right across the leaf of the door 
and form part of the panelling, so 
that a thorough grip of the whole 
door is obtained. To prevent warping 
when the door is subjected to the 
heat of a fire, it is held at the top and 
bottom by shoot bolts, and at the 
side by the hinges, while between the 
hinges is a small adjustable lug under 
which the ylge of the door fits when 
closed. Hinged doors can be built 
to turn outwards or inwards with 
equal facility, and they can be 
fitted with espagniollette bolts if 
desired. In the Booth design of 
sliding steel door, the weight is carried 



Steel Sliding Door John Month & Sons 


* Steel Structures, April, 1922. 
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hy large pulleys mounted ’upon hard- 
ened steel hall -hearings and running on 
a socially shaj>ed rail. Wit h this con 
st ruction, tile heaviest doors, weigh 
ing 15 to 25 ewt. each, caw he moved 
along the rail quite easily hy one 
hand without any appreciable effort. 
W hen closed, the sliding door is held 
all round in a groove, so that if there 
is any tendency to buckle or warp, 
the door cannot work loose from, its 
frame, but is held firmly on all four 
edges. This grooved construction fol- 
lows somewhat the principle adapted 
in t In* manufacture of flameproof 
mining switch gear, in which grooves 
and tongues protect the joints, no 
llaine, whether it he generated inside 
or outside, being able to pass around 
right-angled corners formed of metal. 

It is of interest to note that the 
demand for steel fireproof doors has 
increased so greatly that Messrs, John 
booth iv Sons, of Holton, who 
manufactured the steel doors which 
withstood so remarkably the "ordeal 
bv lire " referred to previously, and 
are the makers ol the doors of which 
we give illustrations, have been com- 
pelled to form a special department 
for their manufacture, and have 
standardised both hinged and sliding 
doors. They now keep in stock 
doors of all sizes in general use, 
so that immediate delivery can be 
given. 


Hinged l oldln* Slit- 1 |)o:>r% 


In this connection, the makers ask 
ask us to draw the special attention 
ot architects and engineers to the 
desirability of adopting steel fire- 
proof doors of standard size rather 
than to specify doors of odd dimen- 
sions. Not only will delay in delivery 


thus hi* avoided, but it is probable 
that an appreciable saving in the cost 
will be effected. Where* no standard 
size ot door conveniently can be 
allowed tor, Messrs, booth are able, 
ol course, to ^vork t.o any dimensions 
specified. 


The Provision of a Pure Water Supply b‘y means of Evaporators 


In some eases the only water avail 
able for boiler plant and general in- 
dustrial purposes is of such bad 
quality that it is a paying proposition 
to itistal evaporators to distil puie 
water, such as is the common prac- 
tice in marine work. This is particu- 
larly the case when water, which may 
not he beyond treatment in ordinary 
softening plant so far as the removal 
of scale-forming elements is concerned, 
contains, in addition, large amounts 
of salts, such as common salt, which 
either cause corrosion, or excessive 
frothing and priming, especially in 
water-tube boilers. The presence of 
sodium sulphate, for example, is par- 
ticularly objectionable from this latter 
point of view. 

A “ single stage " evaporator is 
simply a closed tubular heater, in 
which the live steam passes inside 
the tubes, and the impure water is 
on the outside, this arrangement being 


devised for ease in cleaning. The 
"learn evolved is then condensed to 
pure water in a cooling coil, whilst the 
condensed water from the inside of 
the steam coil is of course also col- 
lected. theoretically, of course, 1 lb. 
ot live steam should produce 1 lb. ot 
distilled water, but in practice the 
figure is about 0.8 lb., corresponding, 
therefore, to 80 per cent, efficiency, 
hor a large plant a much more 
economical arrangement is a “ multi- 
ple-stage ” evaporator, in which the 
steam given off from the tirst stage 
in condensing is used to heat the cold 
water in the second stage, and so on 
for a number of stages, the amount ‘ 
of live steam required for evaporation 
in each stage Joeing of course much 
reduced. Thus, for example, if it 
takes theoretically 1 lb. of steam to 
produce 1 lb. of distilled water in a 
1 -stage evaporator, then 2 lb. of dis- 
tilled water in a 2-stage evaporator 


would requi re* about H lb. of water, 
and 3 11). in a 3-stage evaporator about 
- ]h - I” practice a 2-stage or 3-stage 
evaporator is generally used, since 
above this the cost of the installation 
and the complications swallow up the 
extra saving* Such evaporators can 
be worked with either live (high 
pressure) or exhaust (low pressure) 
steam, the latter being worked in 
conjunction with a vacuum, and it is 
often a very economical proposition 
to collect all the exhaust steam avail- 
able and use it for this purpose. 
Another arrangement is a mixed 
pressure evaporator, in which the 
exhaust steam is normally used, and 
when this fails live steam is auto- 
matically injected. Also the live 
steam or high pressure evaporators are 
in r\vo types, in the sense that they 
are arranged to discharge condensed 
water, either cold or practically 
boiling, according to circumstances. 
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A Visit ’ to Messrs. Henry Berrys’ Works 

* Ki t cut tU'wlopmcnt'i in henry hwirnnlir machinery 


T I 1 1% firm of Henry Berry & 
Co. Ltd., of Leeds, Kurland, 
lias been for upwards of 
forty years “ specialists ” 
in the production of hy- 
draulic machinery and special ma- 
chine tools icquired for the Indian 
market, foremost amongst, which is 
the manufacture of hydraulic* baling 
plant. The subject of baling plant 
for cotton, jute, wool, silk, esparto, 
and other Wires has, since !K!)0, 
formed a very interesting*part of this 
firm’s manufactures, and they have 
on their staff, and in their employ, 
experts in tin's class of work. The 
experience gained has been princi- 
pally based on the actual and suc- 
cessful results obtained in the packing 
of the several materials, to a great 
extent in their own presses. 

These presses have been supplied 
to some of the foremost firms in 
India, and have result* d in many 
cases of repeat orders time after time, 
and the linn always carry a consider- 


able stock of presses of various de- 
scriptions, so that in all cases quick 
delivery is ensured. 

The presses for cotttui and jute 
generally are the ordinary half press 
and finisher (this necessitates the use 
of extractor to convey the half press 
bale to the finisher). The “Cummins" 
vertical press is self-contained, with 
two or three cotton boxes from which 
the cotton is pressed into a revolving 
chamber, the bale being finished over 
the finishing cylinder after the total 
amount of cotton has been collected 
from the boxes. (This necessitates 
the use of a locking ring.) 

Messrs. Henry Berry have had a 
very great success with their “ Leeds " 
press, which is somewhat similar in 
action to the “ Cummins ” press, and 
is of the vertical type. It has two 
or three chambers, as required, for 
the cotton, together with revolving 
box, but in this press the locking ring, 
balance weights, levers, etc., are dis- 
pensed with, and, as a result, a 


greater out turn is obtained at. a 
.much less cost pel bale. This press 
can be made either for end pressing 
<tr il.it pressing, as required. In the 
latter ease this would become a 
ground floor press, all the boxes 
being short. 

They also make a type of press 
known as the “ Watson " press. This 
is a press having* a half press and 
finisher combined with a treble 
revolving chamber at the top, and 
is particularly applicable for the 
pressing of jute. Wry large out- 
turns have been obtained from this 
machine, of* bales per hour being a 
very ordinary result. 

They also make the “ (bid ” press. 
The pressure on the bale of this type 
is applied from the top, after the 
cotton or jute lias been half pressed 
from tin* bottom. 

A very simple type <>f press for up- 
country woik is the " Moffusil ” press. 
This is used for either end pressing or 
lint pressing, and only necessitates 



Horizontal Press 
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Vorikul I»rcs* 

ground floor building, the foundations 
also brim; very small, and tin’s ina 
cliim* could bi‘ so made a> to take the 
place of a half press and finisher, with 
a result that the out turn would be 
increased to almost double, and would 
take up much less room, the founda- 
tions required being comparatively 
about one fourth. 

For wool, copra, roots, hides, etc., 
special presses are made, and a 
speciality is made of hide pressing, 
whether for dry or green hides. 


The subject of pumping for these 
classes of work is one to which very 
great attention has been given, with 
the result that great economy has 
been effected, and very successful 
results have been obtained, both as 
to first cost and applicability to tlieir 
respective requirements. The steam 
driven pumps self-contained, and 
are made in several sizes and types, 
and are thoroughly up to date. The 
horizontal pumps are so arranged 
that they can be driven electrically, 


or could be connected to gas, steam, 
or oil engines, as may be required, 
(beat care has been given to the 
design of these pumps, so that best 
results may be obtained with the 
least possible working excuse. 

Plant fot the production of steel 
railway wagons. The production of 
steel railway wagons in India is one 
of the latest developments in Indian 
business, and Messrs. Berry have just 
recently supplied a complete installa- 
tion of special hydraulic presses and 
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other machinery for this purpose to 
the well-known firm The # Indian 
Standard Wagon Co., of Howrah. 

riant for the production *of steel 
railway sleepers is a speciality of 
theirs to which they have given 
special attention, anfl they have 


and they have supplied machines for 
railway workshops to :*fl the hading 
railway companies in India. 

Hydraulic plant for the* manufac- 
ture of pipe lines. In this class of 
work they are ore eminent, and they* 
are at present engaged in the maim 


The foregoing aie the firm's chief 
socialities, hut they have had con- 
siderable experience in the building of 
heavy shipyard tools, metal extrud- 
ing plants, steelworks plant , steam and 
electrically driven excavators, and 
combined excavatojs and couvevois. 



Heavy Plate Rolls 

supplied several plants to British 
manuiacturers, and lately a com 
plete installation tor the mass pro- 
duction of steel sleepers to The Tata 
Iron vK r Steel Co. I,td. 

Plant for railway workshop^ # is 
another phase of their mauufaoturo, 
the product ion of which has been car- 
ried on since the Jinn was established. 


facture oi the plant lor the execution 
of the contracts for the Poinbay pipe 
line and also for the Calcutta pipeline. 

Sand excavators. Special atten- 
tion has been paid to the manufacture 
of sand excavators for sand stowing 
in mines, and they have recently 
completed a contract for these ma- 
chines for India. 


The works are equipped with the 
most up-to-date machinery for the 
rapid execution of orders, and owing 
to their long and varied experience, 
they are in a position to carry old the 
manufacture of all classes of hydraulic 
and other machinery for the Indian 
market. 


r ~ 


“ O.R.” Traffic on Indian Railways 


Tor a long time past there has been 
considerable dissatisfaction through- 
out India with the conditions under 
which railway traffic is conveyed at 
Owner’s Risk. This, it may bo 
added, is shared by the trading com- 
munity in other countries, the ques- 
tion being probably one of the most 
contentious in connection *vith 
traffic conveyance. The genera} ques- 
tion has recently been considered in 
India before a Railway Risk Note 


Revision Committee, before which 
representatives of the traders, and 
the railway companies have given 
evidence. There is, naturally, a 
sharp conflict of opinion as to the 
liabilities covered by the risk note, 
and the traders are anxious that the 
railway companies should undertake 
further liabilities on the basis of 
present rates. On the other hand, 
the companies contend that any 
additional liability undertaken would 


have to be “ insured against ' by the 
imposition of higher tabs. Roth 
points of view arc sound. If a trailer 
takes advantage of a lower rate for 
the conveyance of his traffic, he must 
be prepared to accept the conditions 
but i\u*y should be reasonable, 'flic 
railway companies, it is understood, 
are prepared to modify the conditions 
in some important respects, and 
when a settlement has been effected, 
we shall return to the subject. 
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The Magnesite Industry in- India 

• % [Continued from page 300.) ^ 

Hy riHJAR C. KVANS, H Sc, F.I.C., M.IM.K. 


All the illustrations arc hy courtesy of 
Messrs. Sutcliffe, Speahman & Co. Ltd. 


I T is well known physical law 
that thy purer a substance is, 
the higher the melting point. 
The addition of an impurity 
invariably reduces the melting 
point. Such is the case with mag- 
nesite. Some natural magnesites con- 
tain such a proportion of impurities 
that their sinteiing point is lower by 
soini* hundreds of decrees Centigrade 
than those of other magnesites. An 
idea of this can be gained from the 
following representative magnesites 
from various parts of the world. 


tains such a proportion of impurities 
as to make it far more easy to work lip 
than Grecian magnesite. It has a far 
longer range of vitrification than 
Grecian magnesite, and for this reason 
can be burnt at a lowe r temperature. 
IJp to a certain point, then, the pres- 
ence of impurities in a natural mag- 
nesite is advantageous rather than 
otherwise, and this opens up some 
very interesting possibilities in t In- 
case of Indian magnesite. In its 
natural state it is too pure, and the 
first essential in obtaining a high- 
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Two very significant features arise 
out of the above table, viz. : 

(1) The Indian magnesite has a 

higher degree of porosity than 
any one of the natural mag- 
nesites. 

(2) The proportion of iron oxide and 

alumina in Styrian magnesite 
is higher than that in any of 
those quoted. 

Styrian magnesite bricks are prac- 
tically a standard in the industry. 
They have always given consistently 
better results in practice than bricks 
from any other source. Knglish mag- 
nesite bricks have not yet in fact 
attained the pre-eminence in the iron 
and steel industry possessed in the 
past by Styrian bricks, and this de- 
spite tiie fact that Grecian magnesite 
from which 1 >r itisli bricks a*Ve made, 
is a considerably purer product than 
the Styrian magnesite. 

As a matter of fact, the superiority 
of Austrian magnesite is due primarily 
to the fact that the raw' material con- 


class product is to reduce its purity 
to a point which will allow it to be 
more easily worked. This must, of 
course, not be done indiscriminately. 
The correct type of impurity must be 
added in the correct proportion, and 
the process of mixing must be per- 
formed in the right way. It is a 
question that must not be done in 
any haphazard manner ; conditions 
must first be determined in the 
laboratory, and only when a complete 
scheme has been worked out can the 
laboratory results be translated to 
the commercial stage. 

Research work on Indian magnesite 
has, however, already been carried 
out, and results show- that it is a 
comparatively easy matter to so treat 
the product as to produce a high-class 
brick at a comparatively low tem- 
perature. 'lms result removes the 
last of the technical difficulties associ- 
ated with the establishment of a 
magnesite industry in India on a 
very large scale. To meet conditions 


in India, however, it would be ad- 
visable to start on a comparatively 
modcs^ scale, and as experience was 
gained, and a demand created for 
the bricks, to gradually build up the 
industry. • 

It would,, be better, therefore, at 
the outset to start with a compara- 
tively modest installation of, say, 
oOO.OOO bricks per annum, a size of 
plant which would allow of a good 
return on the capital expenditure 
involved. 

Process of Manufacture 

With a plant of this size there 
would be no necessity to erect tw'o 
kilns, viz., one for the raw magnesite 
and the other for burning the mag- 
nesite bricks. One kiln only need be 
erected, which could be used either 
alternatively foi^ the two operations, 
or, if required, both operations would 
proceed at the same time. The first 
step, however, would be the prepara- 
tion of the raw material, that is, the 
toning down of the magnesite on the 
lilies, suggested above. This is not a 
simple mixing operation. If standard 
and consistent results are to be ob- 
tained, an absolutely uniform product 
must be prepared for sintering, and 
this can only be done by a complete 
mixing and grinding plant, which 
would automatically collect the raw 
materials involved, and deliver them 
automatically in the correct pro- 
portions, and *in the physical con- 
dition desirable to ensure a product 
which would be easily worked, and 
which would give a high-class manu- 
factured article. 

This operation is of vital im- 
portance, and no attempt should be 
made to cift down capital costs with 
this portion of the plant. It would 
only be false economy, and would 
react seriously on all the subsequent 
stages of manufacture. This portion 
of the plant should be absolutely 
automatic, and once conditions are 
standardised, once set to produce a 
product of the right chemical com- 
position, possessing the necessary 
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physical characteristics, it should be 
able to work with the attention of 
practically unskilled labour. 

There are. however, no technical 
ditheulties in designing meli a plant. 
Intimate mixing and preliminary 
preparation of raw materials are a 
feature of a number of industries, as. 
for example, the cement industry, or 
the preparation of high class sand 
lime bricks, so that no new engineer 
ini; difficulties are involved. It i> 
all a question of suitable plant. 


The next st aye is the burning of the 
raw prepared material. In some 
eases it is found desirable to briquette 
the raw material prior to treatment 
in the kiln. This would probably be 
the most suitable method of treating 
the material obtained in accord- 
ance with the above procedure. 
The biiquettes of dead burned mag- 
nesite could be broken up after burn- 
iny, for subsequently making up into 
the magnesite bricks. 

The type of kiln to be adopted, both 


for burning the magnesite and for the 
production of bricks, is a matter for 
serious consideration. ‘T he general 
practice 'in Thigland is to use a 
chamber kiln for magnesite brick 
manufacture. In some cases a re- 
generative bottom is used, whilst in 
others this is omitted. Generally 
speaking, however, the chamber kilns 
have not given such satisfaction as 
the tunnel kilns used lor the manu- 
facture of Austrian bricks, and ex- 
pert opinion is leaning in the direction 
that the latter give the most satis- 
factory results in practice. To meet 
Indian conditions, tunnel kilns would 
probably be superior to chamber 
kilns for many reasons, but principally 
in the following directions :-&*'■ 

(1) I vase of manipulation. 

(2) Regularity and uniformity in 

heating. 

(.’1) Kase with which high tempera- 
tures can be maintained. 

(4) bow labour charges. 

(o) Continuity of operation. 

Tunnel kilns have been in operation 
for a number of years in various 
industries ; they are used, for ex- 
ample, very extensively for burning 
iron ore briquettes, but a modifica- 
tion is required from the customary 
iron ore kilns for use with briquettes. 
Generally speaking, iron ore briquettes 
are made at temperatures of 1,1100 
(leg. C. to 1,400* leg. C., but a higher 
temperature would probably be re- 
quired for magnesite, even after the 
preliminary treatment above men- 
tioned. For this reason it would be 
advisable to use a regenerative tunnel 
(' Continued on page 411.) 
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HOW & WHY THINGS WORK 

Conducted by J. HAGGIE- PAT.TERSON, Assoc. M.I.C.E. 


This section is primarily intended for engineerinc; students *nd deals in simple 

LANGUAGE WITIt THE CONSTRUGTION AND WORKING OF VARIOUS TYPES OF PRIME MOVERS 
:: :: :: :: :: AND INDUSTRIAL MACHINES AND DEVICES :: :: :: :: :: 


The Locomotive (vi) 

I he Jolloa imi short article eonehtdes the senes on the 
( locomotive , <nni denis with broke power tind horse power 


C oncluding this brief 

series of talks on tin* loco- 
motive, we propose to refer 
to the brake power used, 
and to touch upon the 
various types. The type generally 
used on the India railways is the 
vacuum brake, but in England both 
the vacuum and the Westinghouse 
are used, and the steam brake is 
generally used on goods and shunting 
engines. 

The principle of tjie vacuum brake 
is that the air is withdrawn fiom a 
cylinder fixed to the locomotive, thus 
creating a vacuum as perfect as 
possible, which represents a pressure 
of 14.7 lb. per square inch. The 
creating of this vacuum keeps # thc 
brakes from acting, but shouM once 
this vacuum be destroyed, either 
wholly or partially, then the brake 
blocks are forced <Th to the wheels, 
through the medium of the pull rods, 
which are in direct communication 
with the piston which works in the 
vacuum brake cylinder. Taking into 
consideration that the vacuum brake 
cylinder diameter is ♦about 24 in., it: 
follows that the total possible pull or 
force which can be distributee! upon 
the brake blocks is about 2 tons. 
When the locomotive is attached to a 
train, there is a continuous pipe 
coupled up which runs throughout 
the train. This pipe is in^communica- 
tion with the brake cylinder on each 
vehicle, and thus, when the drivvr 
partially or wholly reduces his 
vacuum, the action applies to the 
brake on the locomotive, and on 
each vehicle, according to the ayiount 
of vacuum reduction. • 

The Wdtetingliouse brake operates 
with compressed air, the pressure 


being obtained by means ol a steam 
pump. A supply of compressed air is 
retained in a steel cylinder, and is 
applied to the brake cylinder piston 
whenever the driver reduces his air 
pressure to the extent of, say, 10 or 
12 1b. This reduction automatically 
causes a small valve to move, which 
allows the compres ed air to flow into 
the brake cylinder. This system of 
braking is also continuous throughout 
the train to which the locomotive is 
attached, but owing to the totally 
different type of fitting required for 
the vacuum and Westinghouse brakes, 
some rolling stock is equipped with a 
dual set of fittings, that means to say 
that it has both the vacuum cylinder 
fitted to it, and its necessary attach- 
ments, and also the Westinghouse 
and its neeessarv fittings, so that the 
train can be drawn by an engine 
which carries either the vacuum or 
Westinghouse brake. Comparing the 
two types, the vacuum brake is much 
the simpler, the vacuum lacing created 
by blowing steam through cones 
similar to the injector. This fitting, 
which contains cones, is called an 
ejector, and is fitted to the hack end 
of the boiler. In the. case of goods 
and shunting engines using the steam 
brake, steam is merely taken from the 
boiler and put into the brake cylinder, 
and thereupon acting on the piston, 
thus drawing up the hi ake blocks on to 
the wheels. Great care must be taken 
when applying brake power to a loco- 
motive, because, if applied too rapidly, 
the blocks grip the wheels, and the 
locomotive, together, possibly, with 
part of the train, will merely begin to 
slide along the rails, which may mean 
a very serious matter 

In conclusion, a few words might be 


said about the horse power of the 
locomotive, and, taking an average 
Indian type, say hit. bin. gauge, 

4 <> 0 type, cylinders 20 in. diameter, 
2b in. stroke, boiler pressinc ISO lb. 
per square inch, driving wheel diam. 
b ft., and if such locomotive was 
travelling at bO miles an hour, the 
indicated horse power developed 
would be about 1, 2 IS, and would be 
using only bO per cent, of the steam 
pressure, due to the loss of pressure 
which occurs dining the passage of 
the steam from the boilers to the 
cylinders, and also owing to the 
cutting off of the steam by the slide 
valve, which allows expansion to take 
place. The above figure is obtained 
from the formula : 

PLAN 

:wnu' 

Where P Pressure per sq. in. 

L Length of piston stroke 

in feet. 

A Area of piston in inches. 

N No. of revolutions per 

minute. 

( 22 ioo\ 2 hu 

7 I / l 

- - 024 

:t >D i 

This figure must be doubled, be- 
cause of the two cylinders. 

Giving a total indicated horse power 
of 1,248. 

before closing we might refer to the 
fact thaA roller bearings are now being 
tried in connection with locomotive 
axle boxes, and we should imagine 
that if this idea is tackled in the right 
way, that it should be very successful 
in increasing locomotive efficiency. 
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POWER AND POWER 


Conducted by 

J. D. TROUP, M.I.Mech.E. 


TRANSMISSION 


THIS SECTION DEALS WITH THE SOURCES, USES AND TRANSMISSION OF POWER AND WITH THE 
:: :: :: :: DESIGN AND MANAGEMENT OF PRIME MOVERS OF ALL KINDS :: :: :: » 


The Use and Advantages of Electric Power 

in the Factory # . 

• Hy . 1 , E. CROWLEY, D.Sc., B.A., M.I.E.E. 

{( tmtuiurri fnnn futri ) All illir^triitioiis lire hv minlisy of l he bullish hlcelrn ( <>. Lld\ 

THE JUTE INDUSTRY 


Si) mills equipped with ou r SOO.UOO 
spindles and some 10,000 looms, This 
represents a truly remarkable de- 
velopment when one remembers that 
the lust spinning mill was put down 
in India as recently as 1 Sob and the 
first weaving shed in I Sol), some 20 
sears alter the manufacture of jute 
had its first. beginnings as a machine 
industry in Dundee. 

Deccan hemp or liimlipalam jute, 
as it is sometimes called, is a plant 
similar to jute, and is thrown in Madras 
and Bombay. About half of the crop 
of this plant, which before the war 
did not exceed 100,000 bales per 
annum, is exported, the remainder 
being manufactured in three Madras 
mills almost wholly for Indian con* i 
sumption. 


that experiments now being carried 
out with a view to providing a suit- 
able machine for pulling flax may, if 
successful, have a bearing on the 
cutting of the jute plant. 

The fibre, after retting and separa- 
tion from the stem of the plant, is 
made up loose or in bales, and 
despatched to Calcutta to the mills 
or to the press houses for re- 
baling for export purposes. Loose 
jute is made up either in drums or 
in what are known as “ kutchha ” 
bales, weighing, if hand pressed, 

I \ maunds, and if power pressed, 
31 or 4 maunds each ; sometimes 
for local transport and always for 
export, it is made up in power 
prcsMed “ pakka ” bales of 10-2/5ths 
cubic feet capacitv, and weighing 
400 lb. 


C LOSE on 1)0 per cent, of the 
world's jute is grown in the 
Presidency of Bengal, the 
principal supply coming 
from t he uort hci n and east • 
ern belts. Beliar and Orissa come 
next as a source of supply, tollowcd 
by Assam, a small contribution being 
made by the State ot Conch Bi har. 

* The output of raw fibre for the past 
20 years has varied from OJ million 
bales to 10J million halo per annum, 
the latter record figure being reached 
in 11)14. This is sold at a price which 
fluctuates considerably, varying dur- 
ing the war, tor instance, from Ks. Ik*) 
to Rs. 75 per bale. For statistical 
purposes it may be taken at an 
average of Rs. 50 per bale. 

Somewhat less than one half of the 
jute crop was exported in a normal 
pre-war year, the United Kingdom 
taking about one-third of the ex- 
ported raw material, Germany about 
one-sixth, the United States some- 
what less, and the bulk ol l he* re- 
mainder being divided between France, 
Australia, Italy and Spain. 

It will be clear from the foregoing 
that the centre of gravity of the 
world’s jute industry does not lie far 
from the city of Calcutta. The 
natural tendency to manufacture as 
closely as possible to the source ot the 
raw material aided largely by eircum 
stances created by the war, such as 
increased freights, etc., is bringing the 
centre of gravity closer si ill. This 
will be clear when it is realised that 
the consumption of jute in •Indian 
mills is now more nearly two-thirds 
of the total crop than one-half as 
formerly, giving employment in If) IS 
to 270,000 jHTsons engaged in hand- 
ling the raw material and in some 


Jute, Preparatory Processes 

Jute is a bast fibre, and as is the 
case with all vegetable fibres obtained 
from the stems, as distinct from the 
leaves of plants, it is found on the 
outside of the stalk of the plant, and 
attached to it by a gummy substance. 
It. is usually sown in the months of 
March, April and May, reaches a 
height of from 10 to 12 feet, and is 
cut, not pulled as in the ease of the 
llax plant, before it reaches maturity 
in the months of July, August and 
September, and, in some cases, in 
( Vtober. The plant is placed, when 
cut, in running water or in retting 
ponds for some 10 to 12 days o* 
longer. When the process of retting 
is complete, th? fibre is easily separ- 
ated from the woody stalks by hand, 
or bv treatment with a mallet. 
Power is not employed for the 
cutting of jute, though it is possible 


Jute, Manufacturing Processes 

The jute, as received at the factory, 
is stored in a warehouse, from which 
it is taken to the jute opener or 
crusher. 

Opener or Crusher .--This ma- 
chine breaks up the material of the 
bales, jute from a number of which 
is fed on to it at once, and also gives 
the jute a preliminary softening. The 
machine is usually run from 115 to 
120 r.p.in., and requires some 3 to 4 
horse power to drive. After the jute 
has passed through the opener, it is 
made up in u streaks " of a uniform 
weight bv the batchers, who also 
remove any inferior fibres, and these 
“ streaks ” are fed on to a machine 
called u softener. 

Softener. — The softener is pro- 
vided with a series of rollers, which 
may be fluted or straight, and during 
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its passage through tliis machine, 
warm water and oil are fed on to the 
fibre. Whert.* hand batching is em- 
ployed, the water and oil ipre added 
to the jute after its passage through 
the softener. The object of the pro- 
cess is to soften the lilfte and improve 
its spinning qualities. Softeners vary 
in size, depending on the number of 
pairs of rollers, usually from 31 to 
73, and the speeds recommended by 
the different makers vary from 135 
to 145 r.p.tn. 

Tor estimating purposes, from 3J 
to 7 pairs of rollers per B.H.T. may 
be allowed, softeners with small 
number of rollers taking a proportion- 
ately larger power than those with a 
large number of rollers. It should be 
noted that tlies e machines may occas- 
ionally be heavily overfunded for a 
short period to as much as 00 per cent, 
in excess of the normal load. A jute 
softener has by law to be provided 
with an automatic knock-off motion, 
which comes into operation if the 
operative is accidently dragged for- 
ward by the feed. After passage 
through the softeners, the libre is 
stacked for over 24 hours, with a 
view to the more thorough distribu- 
tion of the oil and water throughout 
the mass, the fibres are then usually 
cut by «hand and transferred to the 
preparing department, where the re- 
sulting “ streaks ” ;ge placed on the 
first machine in that department, viz., 
the breaker card. 

Breaker Card. This machine 


docs for the coarser long vegetable 
fibres like jute* and for tow, etc., 
what is done by a more expensive 
heckling and spread board or gill box 
treatment for the finer long vegetable 
fibres, i.t\, it converts them into a 
long smooth band known as the 
" sliver." These machines, the cyl- 
inders of which are generally 4 feet 
in diameter with a f> ft. face, and 
occasion, dlv 5 ft. in diameter with 


a 0 ft. face, may run at from 175 to 
210 r.p.iu , , the horse- power varying 
from 4J to 0 b.h.p. The starting 
torque is high, and the load is not 
always evenly distributed among the 
machines installed. 

In order that uniform yarn may be 
produced, the feed to the machines 
lias to be controlled at some stage in 
the process of manufacture. This is 
usually done by weighing the feed to 
the breaker card and distributing it 
over a measured length of feed lattice. 
It may, however, also be done after 
the sliver has left the breaker card 
by passing it into a balling or lap 
machine. 

Bai.uno <>k I,ap Machine. This 
machine takes a number of slivers 
from the breaker card and converts 
them into “ laps " of uniform weight 
for a given length. It is usually run 
at 300 r.p.iu., and takes approxi- 
mately 1 h.p. to drive. The sliver 
from the breaker card, or, if a balling 
machine is employed, the “ lap " 
from this machine is placed on the 
feed of an intermediate or a finisher 
card. The designs of the breaker, 
intermediate and finisher cards are 
generally similar, and the first and 
last are as a rule alone employed in 
Bengal, while, on the other hand, 
intermediate cards are common in 
Dundee# 

ITnishkk Card.- The finisher card 
carries on the work from the breaker 
card or the intermediate card, as the 
case may be, cleans the fibres and 
renders them more parallel. The 
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speed of the finisher varies from 100 
to 2)20 r.p.in ., and the power from 
.‘1-4 h.p., being less than that required 
by the breaker eards. The sliver 
from the finislu-r card is also dis 
patched in a sliver can, and from this 
can is fed to the first, drawing tiame. 

I'ikst Drawing. Frame. Several 
slivers fiom the finisher eards are 
eoinbined, and pass through the 
drawing frame together, being elon- 
gated, rendered ninic parallel, an<4 
converted into a sliver more regular 
in weight per unit length. I haw ing 
frames are designed on different j > r i i . - 
eiples, the more eominon being “ push 
bar " and “ spiral ” drawing, the 
former largely used for first drawing 
frames and the latter for second 
drawing frames. The speeds of these 
machines vaiy from 100 to .‘100 
r.p.in., the push bar drawing frames 
usually running at a higher speed 
than the spiral frames. The horse- 
power depends on the number of 
delivery heads, which are found to vary 
from 2 to s, then* being usually from 
4 to S slivers per head. Two heads 



Special < hnln Drive 

per horse- power given to the^sliver, in order to permit 
is a safe figure it to be further drawn out. The 



Motors Direct Coupled to Unc»Shufts 


on which to 
estimate. Spiral 
drawing requires 
less power than 
push bar draw- 
ing. From the 
first drawing the 
sliver is trans- 
ferred to second 
drawing frame. 

Si-: eoM) Pkaw- 
iNt; Machine. 
The particulars oT 
this machine are 
generally as for 
the first drawing, 
several slivers 
being usually run 
into'one as in the 
ease of the first 
drawing. From 
the second draw- 
ing frame the 
sliver may be 
passed on to a 
third drawing 
frame of similar 
design, or, as is 
more usual in 
Bengal, to roving 
frame, which is 
the last machine 
in preparing de- 
partment. 

Kt ivint, Frame. 
In this machine 
a slight twist is, 
for the first time, 


roving frame consists of spindles and 
flyers placed in front of a set of draw- 
ing rollers. 'file speeds of roving 
frames vary from 200 to 2 Id r.p.m., 
the* spindle speeds being generally 
three times this. The number of 
spindles per frame varies from 40 to 
72, and 12 to 10 spindles may be 
taken per horse-power. From the 
roving frame the product is passed 
on bobbins to the spinning frames. 

vSniNNixc, Frame.-- -T he dry spin- 
ning process is almost invariably 
employed in jute, wet spinning being 
reserved for the liner classes of long 
vegetable fibre such as flax, etc. The 
frames employed are invariably flyer 
frames, the flyers of which are posi- 
tively driven, the bobbins running 
loose under the control of a drag 
weight. The traverse of the bobbins 
varies from !i to 5 inches, the corres- 
ponding spindle speeds varying from 
4, 000 to 2,000 r.p.in. The spindles 
are driven by tapes passing round a 
cylinder and driving on to wharves 
on the spindles. The machines usually 
have two sides, the number of 
spindles per* side varying from 04 to 
SO. The tin drum speeds vary from 
400 to a 70 r.p.m. There is a varia- 
tion in the power taken during the 
traverse of the bobbin, involving a 
variation between the top and the 
bottom positions of some 12A%, the 
power being greatest when the car- 
riage is at the top. This is due to 
the unmcchanical nature of the drive 
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Geared Drive to Pump 

provided by tlu* tin rollers. This 
variation is reduced to some 7i% by 
a patent auxiliary tin roller drive 
that has recently been introduced, 
which has also had a remarkable 
effect on the power consumption. 
The following test figures may be of 
interest: two frames with the old 
single cylinder drive jjuve respectively 
122 and 11‘7 spindles per b.h.p., a 
frame of the same dimensions and 
to tlie same particulars, with the 
auxiliary cylinder drive and running 
at a slightly higher speed, but it is 
worthy of note at a slightly lovter 
tin drum speed (thus showing less 
slip), gave 10 5 spindles to the horse- 
power, a remarkable improvement in 
efficiency. The makers claim rather 
a higher saving than this, but these 
tigures were actually obtained in 
independent tests. This drive, either 
in the patented form or some varia- 
tion of this, is in fairly general use. 

We have now jute yarn, which, de- 
pending on the class of fibre selected, 
and on the adjustment of the prepar- 
ing and spinning machinery described, 
is suitable either for “ warp," as the 
threads which run through the length 
of a woven fabric are collectively 
termed, or for the " wet?," which, 
“ crossing and interlacing " with the 
warp, makes up a jute or part jute' 
fabric. Whether intended for warp 
or for weft, if the yarn when it leaves 
the spinning frame has to be sent to 
a distance, or sold, it is made up Into 
“ hanks " on a reeling or hanking 
machine. Hanks are made up of a 
uniform weight, depending on the 


counts of the yarn, and after leaving 
the hanking machine are sized and 
made up into bundles in a hand 
operated bundling press. The hank- 
ing reel is sometimes driven by hand, 
but is more usually power diiven. 
The Power Hanking Machine is usu- 
ally double-sided and capable of 
making from 12 to 24 hanks per 
side. Such a machine, running at 
75 r.p.m., and having 20 hanks per 
side, was found to take 0 h.p. When 
the thread is intended for warp yarn, 
it is generally wound from the spin- 
ning bobbins into rolls or “ cheese*, " 
the contents of a number of bobbins 
being absorbed in one roll. This is 
also done when hank yarns have to 
he twisted, >ized, or otherwise treated. 
The operation is carried out on a Roll 
Winding Machine. This machine 
runs at about 244) to 400 r.p.m., and is 
usually double-sided, with from 20 to 70 
spindles per side. A usual power allow- 
ance is 24 spindles to the horse-power. 

Weft yarn is prepared for the loom 
in two alternative ways, viz., by 
being wound as cops generally from 
1J in. to 1 J in. in diameter and 8 in. 
by 12 in. long, or by being wound oil 
pirns. Cops are placed direct in the 
loom shuttle, the thread being un- 
wound fronj the inside, and are now 
almost universal in jute weaving. A 
Cop Winding Machine is usually 
double sided with 45 to 00 spindles 
per side, and runs at from 250 to 440 
r.p.m. The spindle speed for 12 in. 
by 2 in. cops is about 800 r.fuu., and 
for 10 in. by l (5 in. cops about 1,000 
r.p.m., and the number of spindles 


to the horse power varies from Hi 
for the larger bobbins to 20 for the 
smaller. A Hint Winding Machine 
takes about the same power, but 
runs about, ISO r.p.m. 

We have now to deal with the 
warp rolls or cheeses already referred 
to, and which have to be converted 
into the long band of threads known 
as “ warp." For use in the loom, 
also, the waip has to be beamed, viz., 
\tound <*n to the weavei’s beam or 
beams which are found at the back 
nl every loom. 

In most eases, and particulailv for 
the better class lahiics, the warp 
threads before beipg wound on the 
weaver’s beam are sized oi “ dressed," 
as it is termed. 1 Messing has many 
advantages, it improves production 
in the spinning department as less 
twist is needed for dressed yarn ; it 
reduces wast 4, and facilitates weav- 
ing. Pressing is now almost universal 
in the jute industry, the use of the dry, 
or “ green " warps being very limited. 

There are many methods employed 
for preparing warp yarn for the loom. 
Four distinct methods, each with its 
own manufacturing valiants, are to 
be found. The author is, however, 
only concerned with noticing the 
machines in common use, so that the 
problem of driving may be more 
readily considered, and will therefore 
coniine himself to the more general 
systems of jute warping and beaming. 

In all systems a number of warp 
rolls, or in some eases where roll 
winding is not employed, bobbins 
direct from the spinning frames are 
placed in a creel or bank, generally 
of V shape, and capable of carrying 
anything from 40 to 500 spindles, 
depending on the system adopted. 
From this bank or creel the yarn, if 
it is not to lie dressed, passes to a 
Beaming Machine. A dry yarn beam- 
ing machine may be single or double, 
viz., it may be fed from one creel or 
from two creels, one at each end ; it 
may also be with or without drawing 
rollers. The speed is about 80 r.p.m., 
and the horse-power fiom 1 i to 2 b.h.p. 

Where jute warps are dressed, the 
complete operation of dressing, warp- 
ing and beaming is carried out in a 
single machine called a Pressing 
Machine. This machine is provided 
with steam heated cylinders, and has 
either one set of two cylinders, two 
sets of two cylinders, one set of 
three cylinders, or two sets of three 
cylinders. The machines usually run 
at about 450 r.p.m., and the more 
common widths are 00 in. and 72 in., 
the power varying from 3 31 b.h.p. 

(Continued on page 370.) 




Conducted by HARTLAND SEYMOUR 


THIS SECTION DEALS* WITH W*3RKS MANAGEMENT AND ORGANISATION, THE TRAINING AflD 
WELFARE OF THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Welfare Work in Indian Mills 

and Factories 


S OME very iutcroling ai counts 
of welfare work in mills and 
factories in different, parts of 
India were furnished to the 
first. All India Welfare Con- 
ference which was held in Bombay in 
April last year. These accounts were, 
however, in most cases brief sum- 
maries, and did not do justice* to the 
evident goodwill and the* keen desire 
on the* part of the* management to 
better conditions. As the* writer of 
this article has hail the* good fortune 
of coming into personal tniieh with 
some of those* who aie* in charge of 
these welfare schemes, this oppor- 
tunity is being taken of bringing to 
the notice of the general public the 
more salient feature's of the reports 
submitted to the* Conference. It is 
hoped that this aecoiint will also be of 
interest to other (inns, who, while 
they were not able to send representa- 
tives, have also the interests of their 
employees at heart. 

Welfare work, if one may judge 
from these papers, is primarily associ- 
ated in the minels of people ill India 
with the well-being of employees 
outside the factory. Thus, for in- 
stance, only one linn gives any 
detailed account of the work that is 
Vicing done inside the factory. It is 
true that mention is made in most 
cases of factory dispensaries, but no 
reference is made to the steps taken 
to ensure that conditions in tile 
factory do not prejudice t lie health 
of the operatives. Again, many linns 
spend large sums on education and 
recreation, and presumably they also 
adopt at the same time measures 
inside the factory to secure and 
maintain a stable and contented 
factory stall, but, with the exception 
of a paper by a manager of the Tata 
Mills on " Works Committees and 
Settlement of Disputes/' and one oil 
the same subject by the Superin- 
tendent of the Tata Workmen’s In- 


stitute, little is said in these reports 
regarding such measures. 

In other countries, notably in 
England and t lie* United States of 
America, it is this side of welfare 
work that has been chiefly emphas- 
ised, and while what is known as 
outside welfare work lias not been 
neglected, employers have realised 
that dissatisfaction with working con- 
ditions must, first be reduced to a 
minimum before an attempt is made 
to ameliorate outside conditions. 

Among the reports submitted, that 
of the British India Corporation, 
Cawnpore, lays greater emphasis than 
any other on welfare activities inside 
the factory Such topics as methods 
of employment and discharge, en- 
couragement of better workmanship, 
labour-saving devices, provision of 
health comforts, prevention of acci- 
dents, rest periods, care of women 
and juvenile* employees, prevention pf 
petty jobberies and tyrannies, works 
committees and settlement of disputes 
are all mentioned. Unfortunately 
details of these schemes are not 
given. It is of interest to note 
that they are receiving attention, 
but it would be still more interesting 
to know the results achieved. 

A common feature of all schemes is 
the provision of dispensaries within 
the works. Thus, the Calico and 
Jubilee Mills, Ahniedabad, the mills 
and factories of the British India 
Corporation, Cawnpore, the Bucking- 
ham and Carnatic Mills, Madras, the 
Morarjee Goculdas Mills, Bombay, 
the Bombay mills belonging to Messrs. 
Tata Ltd., and the Empress Mills, 
Nagpur, all provide free medicine and 
treatment for their employees. ‘In 
addition, the t*rb last mentioned have 
engaged the services of women doctors 
to look after the health of the women 
and children and to supervise the 
creches and the maternity benefit 
schemes run in connection with their 


works The Tata mills have also, 
recently started a system of home 
visiting in # cases of illness, and 
the mill doctors arc informed when 
patients need to be visited in their 
own homes. 

Besides providing treatment in 
cases of illness, some firms also give 
compensation in cases of accident. 
In the British India Corporation an 
injured employee is provided with 
free medical treatment and full pay 
during absence, and if he is Jiving 
alone a fellow workman is deputed 
to attend him. Permanently injured 
men are given special consideration. 
Aged widows of old employees are 
given monthly* allowances, while 
young widows are given a lump sum, 
varying between Rs. 100 and Rs. 300, 
which often serves as a wedding 
dowry, 'file Calico and Jubilee Mills 
also give compensation in case of 
accident, and so do the Empress Mills. 
At the latter place half wages are 
given during absence caused by an 
accident, and employees who have 
sustained serious injuries are given 
light work when they return, but 
draw the same pay as they did at 
the time of the accident. In the case 
of fatal accidents the heirs of the 
deceased receive a minimum of Rs. 
300 and a maximum of Rs. 1,000. 

In addition to accident compensa- 
tion the Empress Mills have started 
a Voluntary Sick Benefit Fund open 
to all employees. A monthly sub- 
scription of Rs. 1-2-0 entitles a man 
to Rs. 25 for the first six weeks of 
illness and r Rs. 15 for the succeeding 
eight weeks It is surprising to find 
that hitherto no one has joined this 
fund. A similar fund in Bombay for 
the Tata mills has secured a number 
of contributors. 

Besides giving medical aid at the 
time Of illness, some firms, notably 
the Empress Mills, Nagpur, the Calico 
and Jubilee Mills, Ahmedabad, the 
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^urrimbhoy Ebralnm Mills and the 
David Mills of Messrs. Tata Ltd., pro- 
vide creches foi*young cliildren 1>el<>ng- 
ing to their employees. # f he* creche 
at the Empress Mills can well boast 
of the Wealthy and happy appearance 
of the babies. It is uiicrtr the direct 
supervision of the lady doctor em- 
ployed by the Mills. The David Mills 
er&clie comes under the care of a lady 
doctor who is also in charge ot the 
women employees of Messrs. Tata. 
The healthy atmosphere and the care 
provided at. these creches are bound 
to have a very appreciable effect on 
the health of the children. Cgrciul 
data are in some cases being collected, 
but in order to make the comparison 
complete, data should also be sin ml 
taneously collected relating to the 
health of small children taken into 
the factory by their mothers. 

Closely connected with the above 
subject is the provision of maternity 
benefits for women employees. At 
the Calico and Jubilee Mills women 
are prohibited from working for a 
period of three months aitei child- 
birth, and are paid Ks. lo a month 
during that period. Arrangements 
are also made for providing a nurse 
in the mother's own home at the time 
of child-birth, and subsequent treat- 
ment is given free. At the .1 mu press 
Mills and at the Tata mills at Bombay, 
women who have woiked for eleven 
ijiunth' are entitled to a matetnit> 
allowance of two months’ wages with 
usual allowances. The* women doctors 
belonging to these mills are largeh 
responsible for the success of these 
schemes, which, it is true to saw, 
could scarcely he managed without 
their aid. 


Pension Funds 

Provident, and pension funds ate 1 
feature of both the Empress Mills 
and the British India Corporation, 
but in the case of the latter only 
employees earning more than s o 
a month are allowed to join the 
provident fund. Both the linns 
contribute an amount equal to the 
amount of the members actual con- 
tribution during the year, and in 
to rest is paid. Faithful workpeople 
arc also 'entitled to pension, and 
those who have completed 20 years 
service at the Kinpress Mills get a 
special long service increment. 

The welfare activities mentioned 
above are directly concerned with 
conditions inside the factory. Itfis 
proposed now to turn to those which 
deal with conditions outside the 
factory. Undoubtedly the most 1111 - 


portt of these is the provision of 
suitie housing. The Calico Mills 
havprovided workmen’s dwellings 
(ch:.s) for about 1,000 operatives in 
thrdiffereut places. Messrs. Kirlos- 
karros. Ltd. (district Satara) have 
foiled a colony at Kirloskai vadi, 
win most of their employees reside. 
As r as possible, every workman 
withis family is allotted separate 
qiUTS. Every house lias garden 
in lit which the owner has to keep 
in :>d condition. Electric light is 
paled, and most of the houses 
ha iu addition, tap water. The 
recharged is 4 annas a month In 
Capore the British India Cor- 
poion have provided very com- 
to Me housing arrangements Two 
t hand nine hundred and sixteen 
lies have been erected, and purely 
n«nal rents are charged. There 
aihree types, namely, the single 
n with verandah, the single room 
w verandah and courtyard. and 
t llotihlc room with verandah and 
C'.ya rd . These houses are grouped 
iiMlements, which arc well planted 
v trees. Playing fields are situated 
e to these settlements, and are 
\ popular. At the same time an 
; dipt is made to build up a un- 
ite life for the dwellers in the 
aments. The we) fan* supervisor 
Lharge has undoubtedly coll- 
ided to its success. 

. the Buckingham and Carnal ic 
. housing accommodation is pro- 
4 at nominal charges for workmen 
•low pay. Extensive housing 
rues are being undertaken at 
jhejpur, 1 >ut very little mention 
ado of them in the Company’s 
,t. Attention is, however, in- 
1 to a new venture entitled a 
v.igonal town.” The labourers 
oyed at the works are allowed 
Liild huts in tlieii own style, and 
; huts art* grouped together in 
:orm of a hexagon. Several such 
ps have been erected. A small 
Mian village has also been started, 
a church is under ('(instruction. 

the main, the outside welfare 
/ities of many firms seem to have 
. entrusted to social agencies. The 
imbhoy Ebrahim Mills and the 
i Mills have both entered into an 
ngement witli the Social Service 
pre in Bombay to provide anicni- 
life for their workers. In this 
they have been aide to secure tile 
ices of men who are whole- 
led ly interested in the work. 
y have started educational work 
providing day-schools for half- 
:rs and night schools and training 
ses for women workers. They 


also have a literary society, debating 
societies, reading rooms and libraries. 
Recreation is not neglected. Sports 
and excursions are arranged, a (Ticket 
club has born started, and also an 
artiateur dramatic dub A small 
portable cinema lias been bought and 
free shows will be provided. Wrestling 
is encouraged, and gymnasia have also 
been opened. The economic diJli- 
cultig* of the workers have not been 
ovei looked. Co-operative credit socie- 
ties have been started in connection 
with both sets of mills. It is interest- 
ing to nptc that the women in the 
reeling and winding dcpait incuts have 
formed a co-operative* credit society 
of their own. 

Outside Welfare Work 

The outside wylfnic. work for the 
employees of the Empress Mills at 
Nagpur has been cut lusted to tin* 
Young Men’s Christian Association. 
A board of management directs these 
activities, half of the members ot 
which are appointed by the Empress 
Mills and the remainder by the 
Young Men’s Christian Association. 
Judging by the report, and by a 
personal inspection, the work is un- 
doubtedly pioceediug on right lines, 
and is tilling a much-needed want. 
The employees are as tar as possible 
encouraged to build up a community 
life, and to iuiliate and manage their 
own affairs. An institute situated in 
each settlement forms a common 
meeting ground, and it is not an 
unusual sight to see the children ot 
a family studying iu the school in the 
evening, the mother dropping into 
the girls’ class to see how her daughter 
is progressing, while the lather sits 
in the next room reading the news- 
paper, talking or playing some indoor 
game. Lectures and entertainments 
are given from time to time, and are 
well patronised. (Limes and sports 
of all kinds are encouraged, and a 
healthy feeling of rivalry is stimu- 
lated between the different settle- 
ments by arranging “ inter fo/s/f ” 
competitions. The medical needs 
of the community are also not over- 
looked. A qualified Indian lady 
doctor gave her services gratuitously 
and also held a bi-weekly class for 
the dais of the basti. An eye specialist 
also paid periodic visits, attending to 
about otic hiind«rcd eases during two 
months. 

The various welfare activities at 
Jamshedpur cannot be described very 
fully, as only a brief report was sub- 
mitted. Co-operative credit societies, 
co-operative stores, grain stores and 
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doth stores are all achieving a large 
measure of sueeess. Institutes have 
been established at. different. centres 
iu eotiueet ion with which there are 
night schools, draiaatio clubs and 
libraries. A central athletic associa- 
tion has been luriiicd, and tootball, 
wrestling, base ball and tcimb ale all 
cncoiii aged. The Wellare Superin- 
tendent. is an active member ol all 
the various committees entrusted 
with looking alter the general well 
being ol the large community at- 
tached to Messrs, latas Iron aild 
Steel W orks. 

Snell, then, are some ol the attempts 
that are beinv, 'made in different parts 
ot India to provide amenities of lilc 
for tlmse who have to earn their 
living in factories. One of the great 
drawbacks from which the workers 
suffer is illiteracy, ^»nt this, too, has 
received attention. The Buckingham 
and Carnatic' Mills were the pioneers 
of the movement to provide education 
for their employees. They maintain 
an elementary day-school tor hall- 
timers and children of the Workpeople, 
at which there is an average attend- 
ance of 500 in the morning and 500 in 
the afternoon. A technical school is 
run in connection with the day- 
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school, wtycre boys learn carpel y, 
blacksmith work, fitting^ hand-1 m 
weaving, and tailoring. There is ,o 
a nii-lit school for adult operat s, 
and in connection with it techi d 
lectures are given in weaving, mac 
drawing, electricity, and othei 
jucts. A recent report of the (hn 
nu-nt Inspector of Schools testified) 
the utility of the education provi<|, 
and tilery can be little doubt that 
whole hearted interest taken in it 
the Joint Principals has helped \ 
considerably towards the sued 
1 hese sc hemes. The Calico and J ubt 
Mills, finding that the special edii 
tjomd ne eds ol mill-workers have b<; 
overlooked, have also opened sclnj 
for half-timers. Commenting oil ] 
physi« pie of the children who attcj 
these sc hools, they say ’. “ Most, of t 
half-timers are physically very wc*| 
and below the average weight, 
fact, physically unfit to work 


schools. Magic lantern lectures are 
given # wecklv in two settlements, at 
which special parda arrangements are 
made f6r the women, and prizes are 
given for the best essays on the lecture. 
At Jamshedpur there are 13 schools 
with 3S teaefiers, and an average at- 
tendance of 1,250 pupils. A special 
training class is held for teachers and 
tile schools are highly commended by 
the (lovernmeiit Inspector of Schools. 
The I Cm press Mills contribute Rs. 
1,200 towards some schools for 
Muhammadans and for children 
speaking Marathi. They have also 
offered to bear the cost of a 
commodious building if the Munici- 
pal Committee give laud in a suitable 
locality. % 

J'rom thy above account it will be 
seen that many employers in different 
parts of India are whole-heartedly 
interested in the welfare of their 


workers. The All-India Industrial 
plants.” The raising of the age i Welfare Conference provided the 
admission to factories from 0 to opportunity for collecting and dis- 
w.is undoubtedly a much need’ tributing this information, and the 
reform, 'file British India Corpot permanent organisation that arose 
t ion maintain two upper primal out of the Conference should in 
schools for boys and two low future form a convenient centre of 
primary schools for boys and girt reference for all those interested ill 
and have, in addition, two niglthe welfare movement. 


The Institution of Productic Engineers 

PRESIDENTIAL ADDRESS, OCTOBfi 1*?22 
By \i,- MAX K. IAVVRKNCK, M.I.Mech.Kil.A.K. 

.1// interesting • and instructive reviciv <■ 
the 1 nstitntion's history and future <cov 


I T is with much pleasure that I 
acknowledge the compliment 
you have paid me in again 
electing me your President for 
the ensuing year. 

bast session saw the inauguration 
of the Institution, and I am pleased 
to say that during the first year we 
got well under way, and have had a 
verv successful session. 

Advance copies of the proceedings 
are here to-night, and each member 
will be in possession c\f his copy very 
shortly. The size of the volume, and 
the excellent matter which it contains, 
reflects a great achievement on the 
part of so young an Institution. It 
sivaks well for the efforts made by 
the very large* membership and the 


excellent work accomplished by youyanch, and that these local sections 
Council and the Hon. Secretary. Thtc entirely self-governing. They 
state of our finances is sound, thfrange their own meetings and 
revenue has been more than ampl<ipcrs, have their own secretary and 
to cover our activities, and thimunittee, and the chairman has an 
Council have not been hampered hy officio scat oil the main Council of 
lack of funds. »c Institution. Each centre, at the 

Two provincial branches have beeiimmeneement, budgets for its ex- 
cstablished, and are progressing verynditure, and so far the budgets 
satisfactorily. These centres, whichve beta very reasonable. The 
are at Newark and Cpventry, are hokl-ief expense lias been in connection 
ing frequent meetings and having! h stationery and stamps, and 
papers which, I think you will agree^asionally a small sum for the hire 
augu nr well for the future. I hopea hall. 

that in the coming year several morejl'here is not the slightest doubt that 
local branches will be formed. Ip movement which prompted your 
should like it to be generally knownimvil and the original members to 
that twenty members are sufficientln this Institution is sound, and, 
in the Council's opinion to form afcpite of all you may hear to the 
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contrary, there is plenty of scoj>e for 
its activities. It is doing, and will 
do, very valuable work for pro- 
duction engineers that Existing In- 
stitutions cannot do, or, at any rate, 
at present are not accomplishing. 

During my tenure of •office I have 
heard some doubts expressed, bv men 
whose opinion I value, as to the use- 
fulness of this Institution. Their idea, 
upon first hearing of it, was that a 
superfluous Institution had come into 
existence, and that its members could 
attain their object by joining one of 
the many institutions already estab- 
lished. # 

When I joined this Institution and 
assisted in its development, this 
thought had occurred to me, but when 
I attended your first meeting and 
looked carefully into the aims of its 
founders, I found that they wire 
absolutely right, and that we were 
attempting to cover a field that was 
not being adequately dealt with bv 
other Institutions. They also have 
their own held, which treats, in the 
main, with other phases of engineer 
ing problems. One has only to look 
at their proceedings and to take part 
in their meetings, to establish the 
fact that SM) per cent, of their papers 
and activities deal with the physical 
facts of nature and scientific phe- 
nomena underlying the designing side 
of the various engineering industries. 
Til. all probability not more than 1 per 
cent, of their activities deals with the 
actual manufacturing problems with 
which the production engineer is con- 
fronted in the translation of these 
things into the form in which t*htv 
are of use to the community at ‘large. 

The various engineering institutions 
are accomplishing ver^ valuable work, 
but these scientists and engineers 
would be powerless to serve the com- 
iiumity by turning their knowledge 
to practical account unless they had 
also the services of a much larger body 
of engineers who are producing the 
things that they design, sufficiently 
rapidly and sufficiently cheaply to 
bring them within the reach of a very 
large number of people. 

i will give two illustrations of the 
important part which production en- 
gineers play in advancing civilisation. 
In the early days, when ft first fell 
to my lot to manage an automobile 
factory, motor cars were considered* 
by the country at large as a nuisance. 
One frequently heard the expressions 
“ that they should not lx- allowed on 
the roads ” and “ they were stroking 
the country-side." and so forth.* The 
maximum speed was limited to 12 
miles per hour, and the taxation was 


heavy. A 10 li p. ear in those days 
cost anything up to {1,000, and it 
was a very poor machine, needing 
much attention. 

This is in striking contrast to the 
position of the industry just prior to 
the outbreak of war, when it had been 
in the hands of production engineers 
tor fourteen years. Motors were no 
longer a luxury, but a necessity of 
life, and a very good 10 h.p. ear could 
be purchased for {170. 'The maim 
tacturing organisations, machinery, 
and equipment had been much im- 
proved, and I make bold to state that 
this development was due more to 
the efforts of the production engineei 
than to the scientific side of the in- 
dustry. I have heard it from many 
of my friends that it was the auto- 
mobile industry and the steps taken 
by production engineers in the manu- 
facturing of components that have 
entirely revolutionised shop proved 
urc in other branches of the engineer 
ing industry. 

I am now engaged upon the manu- 
facture of wireless apparatus, this 
wonderful new invention undreamt 
of twenty-five years ago, but now 
placed within the reach of the pro 
verbial " man in the street." In this 
connection delicate apparatus has to 
be manufactured in large quantities, 
and it may sound quite easy to the 
scientific engineer to make a con- 
denser having a capacity of O.O.'lf* 
Micro Farads, but I can assure you 
that it is quite another thing to 
make these in quantities of hundreds 
of thousands. 

The measuring instrument is so 
delicate, and the current used so 
small, that the most sensitive tele- 
phonic apparatus has to he em- 
ployed, and can only be used in a 
church like silence. The hand of the 
operator must not approach within 
one loot of the standard because it has 
a capacity considerably greater than 
tile tolerance allowable when ap- 
proached, say, within three inches of 
the measuring instrument. It is true 
that the designers and the expert 
electricians realise these facts, but 
they have to rely upon the production 
engineers to make these devices in 
such a form that it is possible to 
multiply them in the time and at the 
price that will make an appeal to a 
very large public. 

h think sufficient has been said to 
illustrate the point and to make you 
all appreciate the importance of the 
production problems that we have to 
tackle, which to us are even more 
important than the designs upon 
which we work. 


Our scheme of society has set 
money as the common denominator 
to which we reduce the various values 
of services of individuals in the com- 
munity. I have always maintained 
that the man who can lessen human 
cltoit and who can reduce the juices 
of commodities, serves his fellows 
equally as well as the man who, by 
employing his scientific knowledge, 
wrings tin- secrets out of nature to 
make life more congenial. Indeed, 
we hear on many sides that it is the 
designer and the inventor who usually 
receive the least recognition, and it is 
the man who translates his ideas into 
practice and sills them to his fellows 
who naps the golden harvest. 

Mane of our works juoblems have 
to deal with the human aspect, in 
industry. In producing things one 
has to cnqiloy numbers of people, 
and a great iiifiny brains arc at work 
in lessening their dibits ami so 
cheapening production, in designing 
and making automatic machines, and 
in adapting machines to new work. 
The organisations which arc neces- 
sary in small works differ from those 
that are successful where a large 
number of j>coj>lc arc ciiqiloycd. Ivach 
have their separate juoblems, and it 
is in the discussion of these that we 
are directing otn cfforls. 

It is an essential qualification of a 
good production engineer that he 
should he able to turn the means at 
his disposal into producing the requis- 
ite outjuit in the chcajK’sl and best 
jiossible way. When this is analysed, 
it means that he is saving human 
eifott and jneventing waste. 

Hence, the scheme of our Institu- 
tion has been to follow on these lines. 
I, as far as my influence has been 
effective, have tried to make this 
Institution a means of bringing to- 
gether a large number of j)co]>le em- 
ployed tijion juodiietion. In my 
ojiiuioii, it is not essential that mem- 
bers qualifying for membersliijr of 
this Institution should have had a 
particularly good scholastic educa- 
tion, as in the ease of the larger 
Institutions such as the Mechanical, 
Automobile, and Civil Knginccrs. Also 
until recently these Institutions have 
not held many meetings in the 
I no vinccs, so that to attend their 
deliberations meant, in many in- 
stances, the breaking of working 
hours and entailed travelling ex- 
penses, tll'us wasting time and money 
unnecessarily. I, therefore, think 
that, a scheme for the establishment 
of a large number of small branches 
would bring about the greatest benefit 
to the membership. 
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There arc' many tilings in pro- 
duction that are of vital importance, 
and good results can be attained by 
their discussion that are not neces- 
sarily worthy nf permanent record. 
It is light that people engaged in the* 
control of workpeople in the same 
locality should know one another. 
The spirit of rivalry can be carried 
too far, and ii there is established a 
channel for meeting to discuss matters 
of mutual interest much good v^ill 
lesiilt . 

In the provinces, and I hope now 
in London, our meetings will be less 
foimal, and smoking will be alhoved, 
and so there is an opportunity o! 
spending a pleasant evening chatting 
over the problems of our dailv 
life. 

None of the institutions dials with 
the all important subject ol the 
psychology of human %aturc and its 
1 >c*a ri UK 0,1 labour problems, but 1 
sincerely hope that we shall have the 
courage to embrace this in our activi- 
ties in the near future, as I think it is 
one of the most important matters 
with which we have to deal. 

As questions of profit and loss have 
to be faced iti any commercial under 


taking, it is hoped that this Institu- 
tion will noT consider the discussion 
of costs and selling prices to be taboo, 
as this fs vet another feature of our 
industry which is not treated by the 
larger Institutions. My own feeling 
is that the man engaged in a particular 
indust rv and earning his livelihood by 
producing and selling commodities 
such as automatic machine tends, is 
the person to whom we should listen 
when we \tish to hear about such 
things, as he is giving his whole 
energies and attention to this prob- 
lem. Such matters as the price at 
which goods can be produced and 
sold, the work they are capable of 
lining, and so forth, are best ex 
j>rcsscd bv such a person. The ven- 
tilation of such subjects cannot be 
considered unsuitable or derogatory 
to the dignity of the Institution. 

It is also highly desiralde that the 
social side should not be neglected. 
Men engaged in production are often 
working early and late, and those* ot 
them who are fortunate enough to he 
employed in a busy industry had very 
little time in their struck* for life 
to spread their effort and indulge in 
revival ion. It is wry pleasant, there- 


fore, to get to know them at informal 
meetings, and so increase* our number 
of friends, and to exchange ideas to 
our imftuaf benefit and advancement. 
It also affords an opportunity for the 
younger men to learn, and I feel con- 
vinced, especially after a review of 
the past war’s work, that we are on 
the high road to success. We shall 
be able*, in spite of the suggested com- 
petition of other Institutions, to hold 
our own, to become stremg and pros- 
perous, and to do splendid work for 
our members and the community at 
large. 

As*I haw previously pointed out, 
we are* meeting the needs of an essen- 
tial side* of our industry which is not 
being effectively domj by any other 
institution. and we are doing it 
cheaply and well. We are providing 
a means for the interchange of views 
and a means of education for a large 
body of engineers who are in control 
of the manufacture of products on 
which the whole structure of modern 
soviet v stands. They arc mostly men 
who have risen from humble circum- 
stances, and have had to learn their 
profession in the hard school of life 
and experience. 


The Air blow System of Humidification 


H rMIDlhTlvKS of the atom- 
iser type have, during the 
past few years, come to 
the front again, owing 
to improvements made 
in the method of producing the 
spray or diffusing the particles ot 
water throughout the air ot the 
preparation or spinning room. In 
the air How system manufactured 
}>v james ('.ordon & Co. Limited, 
London, two nozzles arc employed, 
one projecting air, the other water, 
these nozzles being so arranged 
that an imperceptible spray ot 
water is projected. h.aeh lunnidi 
tier unit is provided with a small 
motor (or rope) driven fan, by means 
of which the atomised moisture is dis 
tnbuted throughout the room to the 
fullest extent, thus securing even 
ness of humidification at all points. 

A reference to the illustration will 
make the design of the apparatus 
unite clear. The compressed air and 
water nozzles are contained within a 
galvanized iron cylinder, to the end 
of which is fixed the small J h.p. fan. 
To the bottom of the cylinder is fitted 
a small water reservoir, the level in 


which is regulated by a float valve 
operating in the main water tank, 
from which each unit reservoir is sup- 
plied. It will be seen, thcrctore, tl^at 
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the water is under gravity, not pres- 
sure, and in the event of the com- 
pressed air failing, there is no trouble 
duu to running water. The water 
nozzle carries a tube suspended below' 
the level in the water reservoir, and 
the compressed air from the air nozzle 
sucks the water through this tube, at 
the top of which it is atomised. 

It is claimed that this combination 
of atomiser and fan ensures the com- 
plete absorption of tlu* water by the 
air, so that not even the smallest 
drops are forhied, whilst the atmos- 
phere is evenly humidified throughout 
the room. A further claim is made 
that 2.2 to 2 .(\ gallons of water per 
hour is atomised with 210 cubic feet 
of compressed air at a pressure not 
exceeding two atmospheres. Several 
large installations have Ixen installed 
with unqualified success. In Kngland 
• one of the large Associations have 
adopted a very ingenious device for 
temperature regulation ; this applica- 
tion should be of particular interest 
for Indian conditions. It should also 
be rutted that this system combines 
the functions of humidification with 
ventilation. 
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Railway 


T IIlv following interesting de- 
tails are given by the Mono- 
meter Manufacturing Com 
pany I y td., who specialise in 
plant for the production of 
all kinds of bearings, and particularly 
furnaces and machines for the lining 
with white metal of the axle box 
brasses as usfrd on railway rolling 
stock . • 

In Fig. I. is shown the patent 
white metal melting furnace made 
by this Company. It lias many 
decided advantages over the old- 
fashioned pot heated by coal or coke, 
and they are now utilised by several 
of the large rolling stock makers in 
Kngland for melting their white 
metal, and, in fact, are being used by 
practically all the firms who use 
white metals in any form, and many 
thousands of these furnaces have been 
installed during the past few yea is, 
and are gradually replacing the old- 
fashioned furnace. 

One of their principal features is 
tlie automatic heat regulator which 
is fitted to this furnace. This instru- 
ment can be set to give any required 
temperature, and prevents the metal 
from overheating and burning. \Vty*n 
dealing with an alloy containing tin 
and antimony, it is absolutely essent- 
ial that the metal is not overheated, 
as these volatile pa its of the alloy 
would be burnt out, and the life of 
the bearing seriously curtailed. 


Axle Box 

I haling with modern methods 
of m elt i ng h e a r i n g metal 

The furnace is arranged with 
special anti-oxidization system, by 
means of which the surface of the 
metal is kept away from the oxygen 
of the air, and in this way a consider 
able saving is effected in dross. 

When dealing with an alloy made 
up of metals with widely different 
specific gravities, it is found that 
these are liable to scpaiate when the 
metal is in a molten state. A mixing 
arrangement is therefore fitted in 
the Monometer furnace, opeiated by 
a handle on the top of the furnace, and 
which is operated previous to with- 
drawing any metal. The metal is 
withdrawn from the pot. by means of 
a valve, and in this way only the 
clean, gritless metal is withdrawn 
a most important point, and which 
prevents the journals from being 
scored. 

Certain types of brasses can be 
lined on the Monometcr die casting 
machine. This machine forces the 
white metal on to the brass, and the 
correct radius is formed by means of 
a steel die. With this method of pro- 
duction, no further machining is re- 
quired, and this effects a further con- 
siderable saving in labour. It should 
be* mentioned, however, that this 
method ol production is only suitable 
lor certain types of brasses, and the 
manufacturers of the machine are 
always prepared to advise whether 
the brasses can be lined in this way. 


Bearings 



While Metul Furnace. Fig. I. 


Another important apparatus manu- 
factured by this firm is the heat-con- 
trolled oven which forms part: of the 
plant usually supplied. Knginecrs deal- 
ing with the lining of brasses will no 
doubt appreciate how essential it is 
that the brass and the die or chill 
be at the right temperature for east- 
ing, and that 1 his is made possible bv 
means of these temperature- controlled 
ovens, which can be set to give any 
required heat. 

The oven is also arranged with a 
sloping floor, so that they can be 
utilised for running off the white 
metal from old brasses. This metal 
is collected in an ingot mould arranged 
underneath the furnace, and can 
afterwards lie re melted and brought 
up to specification. This is a much 
better practice than the one usually 
adopted of putting the old brasses 
into the pot ot new metal. 

These complete plants arc in use 
in some *of the largest naval con- 
struction works, rolling stock com- 
panies, and motor manufacturers, and 
have enabled perfect bearings to be 
produced with a regularity hitherto 
unobtainable. 
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THIS SECTION DEALS* WITH ^TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY tVITH 
:: THE MANAGEMENT AND CONTROL OF RAILWAYS * :: :: :: 


Pneumatic Grain -Discharging Plant 

• Illustrations hy courtesy of 

Messrs. Henry Simon Ltd. 


A TK AV l'XUX( pneumatic 
grain discharging j >l;mt has 
been installed by Henry 
Simon I,td% the well 
known grain handling en- 
gineers, Manchester, for use in con- 


nection with the Meadowside Granary, 
( fiasco w. The elevator, which has 
been erected on the quay in front of 
the Meadowside Granary, is intended 
to work in conjunction with the two 
existing travelling ship discharging 


bucket elevators. The pneumatic 
plant has ;Y capacity of 100 tons per 
hour, and it. will be used for working 
in awkward positions of a ship’s hold 
which are inaccessible to the legs of 
the big bucket elevators, and also to 
assist in discharging grain from the 
main holds. 

In order to permit the pneumatic 
plant to work either independently or 
in conjunction with one or both of 
the bucket elevators, it is necessary 
for the position of the plant to be 
changed on the quay relative to these 
two elevators. To do this a special 
side traversing equipment is pro- 
vided, and rails are laid at right 
angles to the main track, so that the 
pneumatic plant can be traversed 
into a siding while the bucket eleva- 
tors pass. The side traversing of the 
pneumatic plant is effected by four 
niMianicallv operated screw jacks, 
by means of which the whole of the 
structure is lifted bodily from the 
rails, thus peripitting the bogies to 
be swung round at right angles, so 
as to engage with the rails running 
into the siding. The whole plant is 
then lowered again on to these rails, 
and run back out of the way. The 
elevator can also be traversed along 
the (piay at a speed of 00 feet j>er 
minute, so that it is quite an easy 
matter to move the plant from hold 
to hold as required. 

The elevator is mounted on a steel 
structure running on the same rails 
as the bucket elevators, and has a 
wheel base of 20 ft. by 20 ft., and a 
structure base of 32 ft. 4 in. The 
’height of the elevator is 05 ft. 0 in., 
and its total weight is 110 tons, ex- 
clusive of grain. 

The Control Cabin 

The control cabin is of similar con- 
struction, and extends outward in 
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the front of the structure. It is 
arranged high up, so as to give the 
operator a!i uninterrupted* view of 
both the ship and the iftiay. The 
cabin is carried on special joists and 
columns fitted into the front of the 
structure. The stricture is lighted 
bv I iojH* s steel frame casements. 
The crane post is mounted on the 
top of tile structure, and is of the 
steel angle braced type, mainly com- 
posed of 31 in. by 31 in. by \ in. 
angles, with 2^ in. by 2J in. by | in. 
bracings. The structure is also pro 
vided with various supports and 
brackets for carrying the tickle gear 
operating the grain pipes. 

General Construction 

The main structure as already 
mentioned, is mounted on four double- 
wheeled travelling bogies, geared to 
give a speed of 00 ft. per minute. The 
main road wheels are of east steel, 
double-flanged 2 ft. (» in. in diameter, 
and are mounted on 0 in. sliatts. The 
wheels are driven through centrally 
disposed steel bevel gearing operating 
steel straight cut gearing for revolving 
the road wheels. This gearing is lifted 
on two bogies at opposite corners only. 
The bogies proper are carried m pivot 
bearings, built into the main structure 
of the Warren girders, and the brack- 
ets carrying the bogies are lunged to 
take up uneveime^ on the rails, thus 
bringing the contact, surfaces down 
to a minimum. The shafting operat- 
ing the traversing gear is carried ver- 
tically up from the two bogies to 
further sets ol steel bevels which 
operate across the st met lire, ,a*nd are 
brought to one point on the lirst 
floor, where they terminate- in spur 
gearing driven bv»a 20 h.p. motor, 
running at 500 r.p.m. The coupling 
of the motor is fitted with a solenoid 
break. 

The screw jacks for lifting the 
structure have split east steel bodies, 
and are bolted one to each corner of 
the structure. The shoes slide in the 
castings on feathers, and are screwed 
inside 4 in. diameter Jin. pitch. 
Immediately on top of each jack is a 
spur wheel and vertical shaft, which 
is operated by means of horizontal 
shafting and steel bevel gearing. This 
shafting, from the four jacks, is 
brought to one point on the lirst floor 
of the main structure, and is operated 
by steel spur gearing by a 10 h.p. 
motor running at 500 r.p.m. 

• 

The Exhauster • 

On the first floor of the structure 
is also situated the main exhauster 


and motor. The exhauster is by 
Messrs. Reavcll & fV Limited, of 
Ipswich, and is of the “ Turbo " 
rotary type, driven through gearing 
which increases the sjieed from 5(H) 
r.p.m. on the motor to 3, 5(H) r.p.iy. 
on the exhauster. The power of the 
motor is 180 h.p., and the whole 
plant is automatically controlled. 
Should a choke occur at any point, 
the motor is immediately cut out. 
Forced lubrication by* pumps driven 
off the main shaft is provided for the 
exhauster The air-suet ion pipes are 
of welded mild steel, and are carried 
to the air filters on the top deck 
of the structure. These filters are 
steel eased with fabric sleeves, and 
mechanically-operated shaking mech- 
anism, and can be cleaned during the 
limning of the plant, by closing the 
valves on any one filter. The grain 
dust taken out by these filters is 
passed through rotary seals of the 
adjustable type, which discharge the 
dust into worm conveyors. The 
whole of the gearing for dealing with 
the dust is driven by a 5 h.p. motor 
operating through silent chain drive. 
The same motor operates the tipper 
which discharges Ihe grain from tlu* 
grain receiver. 

The grain is drawn from the ship 
to the grain receiver through llexible 
lengths of steel piping fixed to a 


telescopic length in each vertical 
piece. These pip's being telescopic, 
it is an easy matter to adjust the 
length of the pipes to suit the rise 
and fall of the ship, or the fall of the 
grain in the holds. There me two 
intake pipes, and the pipe-booms are 
of w eldless steel const met ion wit h 
rectangular bends at their outer ends 
and flexible connections, as shown in 
the illustration. The pipes terminate 
in ball and swivel socket, joints, which 
permit of the pipes being lifted up 
and down, or slewed tluough a con- 
siderable radius, thus facilitating dis- 
charge from the holds. At the intake 
end there is a " Reform “ patent 
nozzle fitted witfi an auxiliary adjust- 
able air inlet. 'Pile adjusting gear for 
the pipes is arranged in the control 
cabin, and is composed of a “ Multi- 
ple ” drum winch of four units, 
operated \;t one 5 h.p. motor running 
at 500 r.p.m. 

Delivery of Grain 

The grain is tarried up the intake 
pipes and delivery to the grain re- 
ceiver, and is discharged tluough a 
Simon patent tipper which is mechani- 
cally operated, and is provided with 
a special mechanism to picvent dam- 
age in ease of any solid body becoming 
jammed between the cross bar of the 
tipping- box and the lip of the seating. 



View In Control Room 



398 




I 1M D U S T R 1 A. L 


l N D I 


A. 



The Rotary KxhauMrr 


The grain released bv the receiver 
passes to an Avery 4 ,(>00 lb. auto- 
matic weigher, which is provided with 
all the latfcst improvements for regu- 
latino the feed and registering the 
loads and quantity passed through. 
The weigher i! also fitted with a 
residue mechanism for weighing any 
small parcels. The grain then falls 
into another hopper arranged on the 
first floor, and thence through tele- 
scopic pipes to the bands beneath 
the quay, or alternatively to portable 
bands which carry the grain under 
the pneumatic elevator to the transit 
sheds. A lf> h.p. motor has been 
installed for operating these bands. 
The electric power is carried from 
the plug boxes along the quay by 
means of a portable cable wound on 
drums arranged on the structure. 


I 


The International Association of 
Navigation Congresses 1ms selected 
bondon for its next Congress in 1023. 


Modern Blast Furnace Practice 


At the autumn meeting of the Iron 
and Steel Institute, held at York, the 
most important paper from the gen- 
eral engineering point of view was 
that of Mr. A. K. Reese, entitled 
“ The Basis of Modern Blast Furnace 
Practice,” and although Mr. Reese 
had very little fresh to say, there were 
one or two points of interest, especially 
in the discussion. He laid great 
stress on the necessity of having the 
materials of the blast furnace, the 
coke, limestone, and ore, in as 
uniform a size as possible, so as to 
get a homogeneous mixture and keep 
down the amount of molten slag, 
which, of course, lepreseiits a serious 
heat Joss. 

The discussion passed oil to the 
part played by the porous properties 
of coke, and the work of Messrs. 
>sv\VAA\v v<c YYnvuys \y\ U\c \we\vava- 
tion of hard carbonised briquettes, 
which are claimed to give •results 
equal to the old charcoal. It is a 
remarkable fact that modern blast 
furnace practice lias got down the 
amount of coke used to about 10 to 
17 cwt. per ton of pig iron, as com- 


pared with the average figure, not 
so many years ago, of 25 cwt. per 
ton. As is well known, t he elemental y # 
theory with regard to the chemistry 
of tlu 1 blast furnace process is that the 
limestone is decomposed, giving car- 
bon dioxide gas, whilst the free lime 
unites with the silica present to give 
molten slag. The carbon dioxide is 
then reduced to carbon monoxide by 
the mass of white hot coke, and this 
carbon monoxide then in turn reduces 
the oxides of iron, that is, the iron 
ore, to metallic iron, being oxidised 
again to carbon dioxide. The theor- 
etical amount of coke required, accord- 
ing to this series of reactions, is about 
20 cwt. per ton, and there is no 
adequate explanation as to why 
much less than this can be used. In 
the old days, when charcoal was the 
ow\y twv\, Uvv wwuwvuV. used was very 
much less still, being not much more 
than about 10 cwt. per ton of iron, 
whilst the quality of the old charcoal 
iron has never been equalled by the 
modern co^c product. There is no 
question that the mechanical proper- 
ties of fuel play a very great part in 


the matter and charcoal is so valuable 
because it. is extremely porous, so 
much . so that what chemists call 
“ surface combustion ” takes place in 
a way that: is not possible with coke. 

Messrs. Sutcliffe N Kvans claim 
that their carbonised briquettes have 
practically the same mechanical prop- 
erties as charcoal, and they expect to 
be able to reduce the quantity of fuel 
used to not much more than in the 
ease of charcoal. 

It may be remarked, also, that the 
discussion showed very clearly how 
rapidly the old monster, cumbersome, 
slnw-speed blower for the blast furnace 
is being replaced by the modern steam 
turbo-blower. Now that the problem 
of delivering greatly varying volumes 
of air at a constant pressure has been 
overcome by the invention of im- 
\mvsviA methods of the 

turbo-blower has of course every 
advantage, both in price, small 
weight (and consequently smaller 
foundations), much less floor space, 
absolutely continuous delivery of air 
without reversing, and less liability to 
breakdown, in spite of the high speed. 
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How the Roadrail System Solves 
Transport Problem 

fxeceut import, ml developments in eonnee/jin ,eith the Imo-Tnu tor huee 
reudei , it this mot, lie l\>, t er l nil of greater utility, and the mniiv sue, essfut 
uj> pin litmus of the system point to its more extensive use. I he present 
iUthli, n utteu hy u / rnusp,>rt l Xpert, diseusses the suhjeit from 
nil urns • points of ei <v, nml outlines pndinhle future temiemies. 


the 



I T is soiAewhat late in tin- day to 
make claims as to^lu* utility of 
the loco tractor, or the road- 
rail system, as a useful transport 
medium. The practicability of 
the* system, and its exceeding advan- 
tages both tor road and rail convey- 
ance, have long been proved, and 
clearly proved, in various parts of the 
world. As, however, in connection 
with the forthcoming British Kmpiiv 
I Exhibition, to be held at Wembley, 
on the outskirts of bondon, the road 
rail system has been installed and 
has, in fact, been regularly at work 
for many months, it may be of 
interest briefly to describe the- arrange - 
ment there, and, at the* same time, to 
outline the! many advantages the* 
system possesses. 

Special Claims 

That certain classes of transput 
work, and those on a wider scale that 
would appear possible at tirst sight, 
can more economic' all y lie performed 
by the loco-tractor than by any other 
medium is generally admitted. It 
cannot, and does not profess to, con- 
stitute a rival to the railway i/nu 
railway for long distance haulage, 
nor does it claim to be a superior unit 
to the modern niotoi vehicle for road 
transits of any length. What, how- 
ever, it does claim and all those who 
have been privileged to witness the 
actual working of the* roadrail system 
are convinced the claim is a valid one 
-ms that, in pioneer transport, or for 
the arrangement of a cofnposite ser- 
vice by road and rail, the loco-tractor 
possesses advantages beyond those df 
any other haulage unit. 

Both in Great Britain and other 
countries, where railway development 
is far more extensive than is the case 
in India, there has long been expressed 
|the definite need for some more simple 


foiin of transport than that provided 
cither by the modern railwav or the 
motor vehicle which, for effective 
work, requires speciallv good roads. 
In particular it is necessary, if agri- 
culture is to be developed to greater 
possibilities, tor some means of trans- 
port to be adopted that, will, with due 
regard to the work to be performed, 
function at a cost within tlu* limits 
ot the t rathe adequately to bear. It 
is, in tact, not too much to say that 
the arrangement ot cheaper transport 
in districts not provided with rail 
way communications or with good 
roads is not merely a National or 
Umpire problem, but a worldwide 
one. 

As I said in a previous article deal- 
ing with “ The Loco-Tractor as a 
Transport Medium,” production is 
stimulated or discouraged in almost 
direct ratio to the cheapness and 
regularity of transport from the* point 
of production to the ultimate con- 
sumer, and railways cannot possibly 
meet tlu* lull, the whole* need. It 
would not. be practical politics to 
build expensive lailwavs into hitherto 
untapped districts in t lit* vague hope 
that traffic would be so encouraged, 
that in due course the enterprise 
would be profitable. It is necessary, 
then, to consider less expe nsive means, 
such as feeder lines, road transport 
or other methods of traction. During 
the last fe w years, Indian capital has 
helped materially towards the de- 
velopment of transport facilities by 
the construction of feeder lines tap-* 
ping districts hitherto distant from 
modern communications, and it would 
scV'in that progress in this way is one 
of the great future requirements. But 
feeder lines, of the ordinary type, 
cannot cover the whole ground, and, 
from all indications, it would appear 
that the new loco-tractor idea, 


developed in South Africa as a 
direct result ot war conditions, will 
be* the means of solving what has 
been termed tin* pioneer trans- 
port problem. 

Description of the Loco- 
Tractor 

1 he new hum ol locomotion, known 
as the* Roadrail System, which over- 
comes many of the disadvantages of 
light railways, and, moreover, furnishes 
road transpoit. as well, utilises as a 
prime* mover a loco tractor, the driv- 
ing wheels of whic h run on tracks 
laid alongside* tlu* rails, increased ad- 
hesion being obtained on the* w heelway 
by the use* of solid rubber tyres. In 
other words, the fundamental princi- 
ple upon which the invention is based 
is the low tractive: resistance* of ve- 
hicles miming on rails as compared 
with the high tractive resistance of 
vehicles miming on loads, and, cor- 
relativelv, the* high tractive* effort 
obtained by using solid rubber- tyrC-el 
wheels running on roads as compared 
with the low tractive* effort of loco- 
motives running on rails. This re.*sult 
is obtained by miming the* driving 
wheels of the Iractor e*i the* r inside or 
outside the rail track on wheel wavs 
formed of concrete, macadam, or 
other suitable* material to make a 
roadlike surface*, while the vehicles 
hauled run on the light railway track. 
The co-effieient of adhesion on the 
wheel-way is up to 1 ,3.00 lb. per ton 
of adhesion weight, as compared with, 
say, 4 .j 0 lb. per ton in the* case of an 
ordinary locomotive miming on rails. 

A distinct additional advantage is 
to Vie foytul in the: fact that only light 
section rails are required. The prim- 
ary necessity for heavy rails lies in 
the need for an adequate road to 
support the locomotive, and as in the 
roadrail system the major portion of 
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the weight of the* prime mover is 
carried on the wheel-way, the 
only weights imposed on the track 
are the carrying wheels of the tractor 
and the vehicles accommodating the 
traffic forming the load. Snp|*jsc, for 
example, a tractive force of fi,U<>0 ll>. 
at the rail nr road surface is desired, 
this value can he obtained in the case 
• of the road rail system at the surface 
of the wheel way with one axle, with 
a loading of about 4 tons, while a. 
relatively light machine whose carry- 
ing axles run on the rails will only 
carry about 2 tons per axle. On the 
other hand, it would be necessary* to 


The high cost of permanent way 
construction and maintenance in the 
case of the ordinary light railway is 
well-known. The roadrail system, on 
the other hand, requires such a light 
form of track that the Decauville 
Fype of about lb lb. per yard will 
suffice to take an axle load of two 
tons. The general construction cost 
of roadrail track averages between 
If* ami -0 per cent, of the cost of 
ordinary light railway track tor the 
same purposes. It should further be 
added that, while ordinary light rail- 
ways are generally limited to gradients 
of I in 4<t and curves of about 150 teet 


locomotive, and (4) no fuel is con- 
sumed except when useful work is 
actually being performed, while high 
tractive effort, combined with low 
tractive resistance, reduces the haul- 
age costs to a minimum. Consider 
further the comparison with the road 
motor vehicle, where much of the 
advantage of high tractive effort is 
lost by the high tractive resistance 
due to the load. In this case, in 
terms of useful work, a single road- 
rail tiaiu will take a load equivalent 
to that taken in sixteen motor lorries, 
the latter requiring sixteen vehicle 

crews, and entailing high fuel and 
o 



Koariruil Tractor in Operation. 


have about 1 1 tons on the driving 
axle, with rails of heavier section to 
suit, in order to obtain the same 
traction from an adhesion locomotive 
running on rails, 'thus it is manifest 
that the roadrail system combines 
the advantages of the light; railway 
and the motor-lorry at a lower initial 
cost of construction and equipment, 
and a more economical cost of opera- 
tion than either of these individual 
systems. 


radius, the roadrail system enables 
gradients up to 1 in 12 to be sur- 
mounted, while curves of 30 feet 
■radius are easily negotiated. 

The running cost of the 'system is, 
then, extremely low for four main 
reasons : (I.) to the interest on the 
low capital outlay, (2) to the low 
maintenance cost of the track, (3) the 
economy of staff in that only one man 
is required to drive a tractor as 
against two men on an ordinary 


tyre expenditure, together with heavy 
depreciation. 

Two other points should be noi£d 
before loference is made to the road- 
rail system in operation. One is that, 
as already intimated, the loco-tractor 
may be adapted to run on rails and 
road alternatively, and in its various 
types may lie driven by internal- 
combustion engines, by steam, or by 
electricity. The fuels used may be 
petrol, paraffin, alcohol, crude oil, 




401 


I TM D U S T 

gas, or producer gas, and for the 
steam typd coal, firewood *or other 
fuels. The second (taint is that, 
owing to the relatively low cost of 
installation, the road-rail system is 
eminently suitable fof temporary pur- 
poses, as, unlike the ordinary railway, 
the transference to another site is not 
an expensive proposition. 

The First Roadrail Installation 

The loco-tractor was the invention 
of a South African engineer, and it is 
not surprising, therefore, tliftt it was 
first tried out in that country, where 
the possibilities of its extensive use 
are profound. The first track on the 
roadrail system was laitkby the South 
African Government Railways Ad- 
ministration, primarily for experi- 
mental purposes, and was designed 
to put the system to the most extreme 
tests. To this end, at the installation 
near Johannesburg long gradients of 
1 in 17 and 1 in IS were used on the 
straight, the shadiest curves were 
37 feet radius, and there was a balloon 
curve of 50 feet radius. Additionally, 
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on one 100- foot cur\V there was a 
grade of l in IS, equal to l in 
14 on the straight. The* rails used 
were Hi lb. section, with I* lb. light 
steel sleepers, while the loco-tractor 
weighed 4J tons, and was fitted with 
a 35 h.p. engine using paraffin as 
fuel. 

These trials proved conclusively 
that the principle of propulsion was 
a sound one. The locomotive rode 
easily at 18 miles per hour, and took 
30 ft. curves steadily at about 12 
miles jK-r hour. After 2.J years’ work 
the rubber tyres of the tractors 
were in good condition, being worn 
down half an inch evenly all round. 

Subsequently a series of highly 
successful trials were run in Uganda, 
and one of the leading journals in 
that country, after remarking that 
the 4 miles between Kawempe and 
Kampala had been covered in 12 
minutes, stated that the roadrail 
system would probably prove to be 
the solution of the transport problem 
in the Protectorate. Since that time, 
50 miles have been completed on this 
useful system, and a further 400 miles 
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are in contemplation. Dealing very 
definitely with the utility of the road- 
rail system, the Governor of Uganda 
recentlv stated that he had seen no 
reason to alter his original optimistic 
opinion as to the value of the new 
form of transport. He added that 
the total cost of installing the system 
between Kampala and Kalule, 20 • 
miles, when in full running order, 
•would be £31,000, or / 1.200 per mile. 

It is understood that great develop- 
ments are pending in Uganda, while 
special attention is being given to the 
performances there bv the Gold Coast 
Legislative Council, as it is considered 
highly probable* that the roadrail 
system will prove extremely useful in 
connection with the transport needs 
of the cocoa industry. 

# 

Other Countries 

As for other countries, a short com- 
mercial line has been opened in Scot- 
land, and another is in progress, while 
the interests that have acquired the 
concession rights for the roadrail sys- 
tem in Roumauia and Spain (including 







Spanish Moromi) are developing the* 
system, and have in several places 
got loco- tractors in sueecsslnl opera- 
tion. Incidentally, it may he added 
that the system has been extensively 
used by the Spanish War Authorities 
iu connection with the campaign in 
Morocco. 

The Wembley Installation 

In connection with the J British 
Umpire Inhibition, to be held at 
Wembley, on the outskirts oi London, 
Roadraiis Limited obtained permis- 
sion to provide an installation of their 
system of transport, the limiting con- 
dition living that no trees should be 
cut down. I say “ limiting,” though 
that is hardly correct, as, owing to 
the extraordinary mobility of the 
system, the laying of the track under 
the conditions indicated dogs not 
detract in any way, save perhaps that 
of speed, from the utility of the 
transport medium. The track, as 
laid, includes curves of 55 feet radius 
and loops of .‘>0 feet and 75 feet radius, 
while there is a gradient of 1 in 141 


on the 50 feet radius curve, which 
naturally increases the tractive effort 
required from the transport unit. • 

The t ractor doing duty at Wembley 
at the time of our visit was of 50 h.p., 
and while this presents an imposing 
appearance, and has an appearance 
of great strength, it is quite simple 
to control. Mauling a load of lb tons, 
the tractor experienced no difficulty 
at all in negotiating the steepest, 
gradients and sharpest curves, and 
its case and flexibility were especially 
manifest. To change from rail trans- 
port to road haulage is the work of a 
moment. The front wheels of the 
tractor (the actual wheels, and not 
the bogie wheels for rail haulage) run 
up a double ramp, the bogie is then 
pushed away, the larger wheels run 
down the rani]), and the big vehicle 
turns off and proceeds as a road unit. # 

Exhibition Demonstrations 

In addition to the handling of 
freight traffic, it is intended during 
the run of the Exhibition to give 
demonstrations of passenger-carrying 


by this new medium, and it wouid 
seem that this will have the effect of 
popuTaYising it to an extent that is 
bound to aid the fuller development 
of this most useful method of trans- 
port. Messrs. Roadraiis Ltd., whose 
offices are at 1 Dover Street, Picca- 
dilly, London, W.l, arc willing to 
send full information regarding the 
most recent developments to all in- 
terested parties, and in view of the 
undoubted advantages of the road- 
rail system, we feel that in due season 
their enterprise is bound to reap an 
abundant reward. 


OMISSION 

In our last issue we regret that we 
made the following omissions : 

Our frontispiece was by the cour- 
tesy of, Messrs. The English Electric 
Co. Ltd. , 

I* The illustrations used in the article 
on the Duplex-Mono were by courtesy 
of Messrs. Chapman & Hall. 
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St$am Railroad Electrification 

Adih'iSS briscnti'ii before the HYn/«V/J Juli/n<IY (luh, ( JllUl^n, by S. II. 

( <‘vf>er, General l:n^ineer, Wesfi u^/iouse lifeetri : <A Manufiefuriu^ (ouibiuw 


M rCII lias been said re- 
garding the res lilts ol>- 
tained on particular in 
stallat ions by means of 
electrification. Tlieic 
have been heated diseitssions held 
regarding the relative merits of steam 
and elect lie locomotives as machines. 
Volumes have been written on the 
subject : “ System of Fleet riticat inn 
Alternating versus Direct Current, 
low versus High Voltage, Overhead 
Trolly versus Third Rail.” 

Let us tonight appinach the sub- 
ject of elect rilicat ion from a little 
different angle. Tat us begin with 
certain fundamental assumptions, 
accepting them temporarily at least 
as facts, and tints avoid travelling 
over old ground. 

],et us assume, first, that electrifi- 
cation has accomplished much in the 
particular installations of which you 


have all heard. Second, that we arc 
in complete agreement that steam 
and electric locomotives are both 
remarkable machines, highly devel- 
oped, both undergoing constant im 
proveim-nt, and both destined to 
accomplish threat results in their re- 
spective fields. Third, that electrical 
operations may be satisfactorily 
accomplished in a number of wavs, 
differing in detail, each having its 
ardent advocates and opponents, but, 
after all. each successful in actual 
service under existing conditions to 
a remarkable decree. 

With this background established, 
then, what can be said lor and 
against electrification ? 

The only possible objection to 
electrification is the large investment 
required. 

This objection can be sustained 
only if it can be shown that electrifi- 


cation fails to effect economics sutli 
cient to pay a satisfactory return, or 
that the same capacity for moving 
tralhc could be obtained at lower 
cost by other means. Hach par- 
ticular case must be considetcd on 
its merits, and all of the factors con- 
sidered. nbfiouslv, only those roads 
or parts of roads will be electrified 
where it can be shown that one of 
t wo conditions exist : 

(1) Kither a given limitation can 

only be overcome by electrifi- 
cation, as in the case of long 
tunnels, etc., or 

(2) A given traffic capacity can be 

obtained by electrification 
with sufficient operating econ 
(iiny over steam to justify the 
extia invest meat . 

Fifteen or twenty years ago, when 
electrification first came up for gen- 
eral discussion, enthusiastic predict- 
ions were 1 made by some electrical 
men that the* steam railroad was 
about to be retired, much the same 
as many auto-’bus enthusiasts to-day 
say that the auto-’bus will supplant 
the electric street car. As time went 
on, and the elect lical engineers ac- 
quired a better knowledge* of railroad 
methods and problems, and as the 
railroad operators learned more of 
the possibilities of electrical opera- 
tion, we have come to a firmer com- 
mon ground of uiideistanding and a 
more respectful attit ude towards each 
other’s viewpoint. No one to-day 
would be so rash as to predict the 
early retirement of the steam loco- 
motive, or the prospect of the im- 
mediate electrification of a very large 
part of the railroad mileage of the 
country. There is, however, a very 
general acceptance of the fact that 
electrification is firmly established in 
certain fields. That the use of electric 
power offers to the transportation 
industry a new tool— a tool that per- 
mits, because of its characteristics, 
new operating methods and the ulti- 
mate accomplishment of results appar- 
ently impossible with previous means. 


/ 


v.v 



4,000 H.P. Baldwin Westinghouac Locomotive 
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Those fields may Ijc outlined as 
follows : 

(1) Congested terminals in large 

cities, often involving tunnel 
approaches. 

(2) Heavy suburban service. 

(.*{) Heavy grade divisions carrying 
dense traffic, and, under exist - 
ini; operating methods, limit 
iug the < arryiug capacity of a 
whole system. • 

(‘I) Sections remote from suitable 
fuel supplies, and where abun- 
dant hydro elect riejpower is 
;iv. lilable. 

The industrial expansion of tliis 
country has been phenomenal. |No 
one doubts that this expansion will 
continue. For reasons too familiar 
to require discussion here, the rail 
roads of the country have not kept 
pace with tin* growth ofymr popula- 
tion or our industrial and agricultural 
activity. While the immediate future 
may appear doubtful, adequate trans- 
portation is too vitally necessary to 
our national welfare to jrermit politics, 
labour disturbances, financial de- 
pressions, or other agencies to inter- 
fere with the ultimate progress and 
pros|K*rity of the railmads of the 
country. If this is true, may we not 
logically look for an increasing de- 
mand, and an absolute necessity for 
increased traffic capacity ? I n look- 
ing for wavs and means of increasing 
this tratlie ea]>aeity most economic- 
ally, we must realise that changes and 
continued improvements in operating 
methods are inevitable. Shippers and 
consignees will find means of more 
promptly loading and unloading ears, 
|K?rhaps involving a pick-up and de- 
livery service. The railroads will 
find means of handling trains between 
major terminals without delays and 
re-classification at intermediate points. 
They will find means of moving these 
trains in larger units and at higher 
speeds than now eustomaiy. 

It does not seem unreasonable to 
expect that train sizes will be limited 
only by the strength of the draught 
gear, and speeds only by alignment 
and ear journal performance. As 
the need for larger trains and higher 
speeds increase, who can say that 
means will not be found to overcome 
these limitations ? 

In the electric locomotive we have 
available a motive power unit able 
to produce, under the control of one 
operator, as great a tractive effort as 
the strength of the ears will permit, 
at any speed considered safe for the 
alignment of the road and for the 
satisfactory operation of the car 
journals. I Experience with electric 


locomotives to date has proven that 
they are extraordinarily reliable, rela- 
tively cheap to maintain, and avail 
able for service a very large per- 
centage of the time. When properly 
designed for the service to be pel- 
formed, and when operated within 
their rated capacity, the routine in 
spection and running adjustments 
can be made in a very short time, and 
the percentage of time in the hands 
of the mechanical department is very 
small. I just recently heard of an 
example that will illustrate my mean- 
ing. An electric heavy inter uibah 
railroad o|>eratcs two sixty ton loco- 
motives in coal hauling service. They 
are coupled together and operated as 
a unit, and for months past have been 
in service IM hours a day, except for 
lour hours once a week, when they 
are inserted and the meessaiv re- 
newals and adjustment made. 

The freedom from the necessity 
for stopping for coal and water is in 
itself a great advantage on a busy 
track, particularly where heavy trains 
are operated with more than one 
engine per train. The absence of 
boilers to be washed, and tires to be 
cleaned, makes through runs over 
two or more divisions possible. The 
higher speed available with electric 
motive power increases the possible 
length of operating districts, and often 
the elimination#of intermediate ter- 
minals. 

Regenerative braking has proven 
itself an immense advantage in heavy 
grade operation. The saving in 
power, wheel and brake shoe wear, 


delays and damage due to stops to 
cool wheels, while attractive in them- 
selves, are all overshadowed by the 
increased reliability and safety of 
operation. Air brakes aie held in 
reserve for use in emergency, and for 
coming to a complete stop. 

Klectrilication has revolutionised 
tunnel operation'': In the Klkhorn 
tunnel of the Norfolk and Western 
Railroad, bad rail conditions due to 
condensation, and the difficulties due 
to smoke and gases, steam operated 
traijis commonly took thirty to forty 
minutes to clear. The electrically- 
operated trains now clear in about 
2$ minutes, and so far as the opera- 
tion of trains is flmcerned, the tunnel 
may be considered as non-existent. 
The same relief has been experienced 
in the operation of the lloosac tunnel 
of the Boston and Maine, tin* Sarnia 
tunnel of the (band Trunk, the 
Detroit tunnel -of the Michigan Cen- 
tral, and others. 

In suburban service the multiple 
unit trains offer the marked advan- 
tages of higher schedule speeds due 
to higher accelerating and braking 
rates, more uniform schedules due to 
the maintenance of a constant ratio 
of motive power to train size, and 
increased facility of handling due to 
double end operation. An analysis of 
steam suburban service shows gener- 
ally two operations for the electric 
motor car train — one in and one out. 

The steam train requires several 
engine and train moves. It has been 
the piactically universal experience 
of roads that have electrified their 
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suburban districts, that the faster, 
-leaner, tnoru reliable service has 
attracted greater patronage ayd built 
up income. Hence electric ojK-ration 
apens»up an opportunity to transform 
i necessary service fron* a burden to 
i source of added income. 

Another field that oilers attractive 
possibilities, if electrified, is that of 
branches and feeder lines in growing 
and productive territory. Such lines 
may be electrified following inter 
urban practice, thus forestalling other 
jlectric line or auto- bus competition, 
and by means of improved service, 
building up a very profitable traffic. 
There are undoubtedly a great mail) 
‘Vich lines in the country. . The 


exjrerience with the “ safety car ” on 
city systems has indicated the marked 
effect on traffic of frequent l^ipid ser- 
vice. The amount of business now 
being handled by gasoline buses and 
trucks is surely sufficient indication 
of the existence of business that might 
be profitably handled by the railroads 
it they would provide the proper 
equipment and facilities for its accom- 
modation. 

We have briefly reviewed the possi 
bilitics of electrification, and have 
seen these pictures of electrical opera- 
tion of various kinds of service. 

In concluding, I would like to cm 
phasise a feature that seems of vital 
importance. In the electrification of 


other industries, economies in fuel’ 
lalKHii, maintenance, sanitation, etc., 
while in many cases iinjx>rt ant in 
themselves, have been subordinate to 
the ad van* age of increased production. 

Statistics show that our freight 
trallic doubles in about twelve years. 
< Hu trans|)ortation machine has had 
great difficulty in producing 450 billion 
ton miles in recent years. What is 
ingoing to do under a load of WO 
billion ton miles by 10:10 or 1032? 
Kleel rilieation is bound to l>e a big 
factor in the solution nf the problem, 
and therefore justifies t he co~oj>eiative 
study and development of both the 
railroad engineers «md the manufac- 
turers. 


India and the British Empire Exhibition 


At the forthcoming Htitish Empire 
Exhibition, to be held at Wembley, 
uefir London, India and her industries 
lift to be repi esented on a substantial 
.sis. The fudian Pavilion is t<> be 


companies who will be specially con- 
cerned with the transportation re- 
quirements of tlie Inhibition. < >n a 
recent occasion, these gentlemen 
visited Wembley, and were shown 


hibits, but al*»o for the transport of 
the millions ol people who will visit 
the inhibition, As we go to press, we 
leai n with interest that the Finance 
Committee of the Indian Legislative 



erected on the site of the Golf pub 
House shown in the accompanying 
llustration, -which also depicts a num- 
ber of traffic and excursion agents 
:rom the leading British railway 


round the grounds by Colonel Tem- 
pest Stone (back row, left-hand side), 
so that they might lx? in a position 
to make adequate arrangements not 
only for the conveyance of the ex- 


has sanctioned a credit of £ 113 , 000 , 
the estimated cost of the Indian 
Pavilion. The Exhibition Commis- 
sioner will return to England from 
India in April. 
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Conducted by A. H. HAVER, M.I.N.A. & K, S. DICKINSON, F.C.S. 


THIS SECTION DEALS frlTH TflJC APPLICATION OP SCIENCE TO INDUSTRY AND PARTICULARLY 
:: :: :: DEALS WITH APPLIED CHEMISTRY :: # :: :: 


• • 

Synthetic Chemistry 


T ill', tlicmirs nf liinlccula r 
st m i c t lift' may be regarded 
I > v some people as of 1 j 1 1 It • 
practical importance, ami 
could :a am i v come at all 
into direct touch with tW- daily life of 
mankind. And yet, these theories 
hum the very basis and foundation 
ot some ot the greatest industries of 
the present day ! Kekule’.* dreams, 
perhaps, were an interest ing psycho 
logical phenomenon, hut the stuff 
that his dreams were made of, the 
theories ot molecular structure, were 
as important for the* advance and 
development ot organic chemistry, as 
a chart and compass are for a manner. 
For the* purpose of a scientific* theory 
is not merely to explain or co ordinate 
knowledge already acquired, bnt also 
to he a guide to the exploration of the 
unknown ; and without the- theories 
of molecular structure or constitution 
put forward by Kcknle, van't Hoff 
and he Mel, there could not have been 
built up that vast structure ot organic 
chemistry such as we know it at the 
present day, nor could we have wit 
n esse d that crowning achievement of 
organic chemistry, the: artificial, syn- 
thetic preparation of many of Nature’s 
own products, from which has clc 
vclopcd the industrial production of 
those innumerable dyes, therapeutic 
agents, perlumcs, and other materials, 
which are regarded as necessaries in 
our modern civilisation. 

Hut while* the theories of molecular 
structure arid constitution gave the 
guidance necessary for the altogether 
phenomena! development of organic 
elieruistry during the past sixty years, 
that development could actually take 
place only through the genius, the 
energy, and the persistence of hiui- 
( lreds ot /.ealous workers who devoted 
themselves to the task of synthesising 
and elucidating t tic* constitution of 
thousands o| organic* compounds, and 
it is theretore only natural that it is 
in that country Germany -which, 
amongst all other countries, has been 


conspicuous for its recognition of the 
importance of such investigations, and 
lor the encouragement which it has 
given to them, that we find the in- 
dustries dependent on svnthetie or- 
manic chemMrv ehhllv flourishing. 

Not « >r 1 1 \ has t he e h c ■ m i n t discovi red 
numberless compounds hitherto nil 
known, but he has even entered into 
competition with Natuie herself, and 
has mu., sslully broken the monopoly 
which heretofore she had enjoyed in 
the production of many compounds 
both ot ornament and of utility. In 
tact, so sucres* tul has the chemist 
been, that not « nlv can the artificial 
products, in a number o! cases, com 
pete with the* natural products, but 
they have even driven these entirely 
out of the marke t. In this way great 
industries have arisen, of which the 
most important arc* those closely in- 
terdependent industries which find 
their raw materials mainly in coal 
tar, and it is to these that we shall 
first turn our attention. * 

H> the distillation of crul there is 
obt lined not only the maseous mix- 
ture' so largely employed as ail ilium- 
inant, but also considerable amounts 
of ammonia and a thick, dark -coloured 
evil sun Ilium liquid, coal tar one of 
the most valuable and important 
materials obtained bv man. It is 
not an attractive look ini’ material, 
and yet there have been evolved 
trom it, by the painstaking labours 
nf a multitude of chemists, sub- 
stances innumerable dyes by the 
thousand, which rival in range and 
beauty of tom* the* finest products of 
Nature s imagining ; explosives which 
the strongest works of man are power- 
less to resist ; antiseptics add drugs ; 
the sweet-smelling essences of dowers; 
and developers of the latent photo- 
graphic image, iflhis coal tar is. in- 
deed, an almost inexhaustible store- 
house of raw materials for the manu- 
facture ot products of manifold 
variety. 

Hy subjecting the crude coal tar 


to a process of distillation, such as is 
done in the refining of crude pet rol* , 
c um, various substance*? are obtained 
which distiHivcr at different tempera- 
tures. of these the most important 
are t he following - 

biqrins. 

b.p. 

I*< ii /ui<* ... ... ... ITU tlfg. 1‘. 

Tolm iu* . . ... ... U.'tu <U*m. 1'. 

S* >i.i us. 

in p. 

riunul ;irl>nlii' arid) ... 1 (Hi (leg. I\ 

N’aphl h.iK'iu* ... ... 171 deg |'. 

Antliraivnc -nr-Mieg. v. 

Benzine, or, as it. is frequently 
called in commerce, benzol, forms the 
starting-point in the manufacture of 
aniline (which can be regarded as 
benzene in whieh\me of the atoms of 
hydrogen is replaced by the group 
NHa) ; and this, in turn, is the 
starting-jioiut in the preparation of 
a large number of dyes the aniline 
dyefc. # These aniline dyes, which were 
the first synthetic dyes to be prepared, 
constitute*, however, only a part of 
the total number of dye-stuffs which 
are now i n ami f aft tired from coal-tar 
products. 

Toluene (commercially, toluol) is 
used as a raw material in the manu- 
facture not only of dyes, but also of 
the powerful high explosive, trinitro- 
toluene, or T.NrT. 

Phenol, or Carbolic Acid, is a well- 
known antiseptic, and is also the 
starting-point in the preparation of 
the explosive picric acid, lyddite or 
melinite. It is also used in the 
manufacture of dyes. 

WipJif/talck'e is a valuable con- 
stituent of coal tar. It is the raw 
material chictly employed in the 
manufacture of indigo. 

.1 nlhracene is the raw material 
employed in the manufacture of a 
large number of imjrortant dyes, the 
most familiar of which is the red dye, 
alizarin, or Turkey red. 

Important as these different sub 
stances are, they constitute only a 
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small part of coal tar, the amounts 
in which they fteeur being, moreover, 
dependent not only on tlif* nature of 
the coal used, hut also on the tem- 
perature at which tile coal is distilled. 
Thus, the benzene and* toluene to- 
gether constitute about *1 per cent., 
phenol about 1 per cent., naphthalene 
about f> j>er cent., and anthracene 
about 0.f> per cent, of the coal tar 
formed in gas m.uiutacture. Bv the 
distillation of one ton <4 eoal, there- 


lore, we should obtain the 

aboN ». 

constituents in the foil- 

•wing 

quanti 

ties, roughly : 


« 

lU-n/ine and tt-hu-m* 

11>. 


Phi-nol 


ii 

• Naplithalriu- 


<» 

Alltluarriii; 

0/ 

hi 

Until the middle of 

l.isf cent u r v 


liUMi were dependent lor all the dves 
with which they coloured tlu-ir bodies 
or their garment s on colouring ma tiers 
which were* chii'ily of animal and 
vegetable origin : the colouring matter 
of logwood ; the animal dye, cochi- 
neal ; the bbie dvr, indigo or woad, 
with which our ancestors in (beat 
Britain are said to have stained their 
bod it s ; the red dye, alizarin, obtained 
from the root of the madder plant 
once extensively cultivated in South- 
ern K i trope ; and the costliest of all 
dyes, the most famous dye of the 
ancient world, the Syrian purple, 
obtaine 1 from a shell fish (murex 
h randan ; found on the eastern 
shores of the Mediterranean. 

" Wh<> has not heard how Tyrian shells 
Hiulosed the him*, that dye of dyt-.^ 
Whereof one drop wotked niiraeles^ 
And eolonred like Astarte's eves 
Raw silk the merehant sells ' 

/>;,)?.■>/ ill!* : r>>l>\ilunt\ . 

These dyes, and a few others, wen- 
all that, were available until the Near 
1 Sob. In that Near the first synthetic 
dye, tile once favourite mauve, was 
prepared by the late Sir W. II. 
Perkin, by the oxidation of crude 
aniline, and since that time colouring 
matters to the number of several 
thousands have been discovered by 
the chemist. The natural dyes are 
mostly of a pronounced, even crude 
colour, but the products of the 
chemist are of an almost infinite 
variety ; and, far out rivaling the 
natural dyes in range of colour and 
delicacy of tone, they have ousted 
these dyes from the dye-works. Start- 
ing from benzene, naphthalene and 
anthracene, constituents of the dirty- 
looking liquid, coal tar, which lc^s 
than a hundred years ago wak a 
useless waste material and a nuisance 
to the gas manufacturer, synthetic 
dyes to the value of over £20,000,000 


are manufactured annually, more than 
three-quarters of this amount being 
produced in ('.erinany. 9 

It i> quite impossible here to enter 
into a discussion of the conq>ositiou 
and constitution of the coal tar dyes, 
some of which .ire among the most 
complex of the compounds of carbon ; 
but it may 1 h* said that the technique 
of dye manufactuic has become so 
perfected, and otu knowliAlgc of the 
variation of colour with the constitu- 
tion of the compound has bceonic so 
Well establislud . that the synthetic 
production ot new .shades U jio Inngi-i 
a liaphazard process, but one of 
which the conditions of success are 
clearly known. 

But it is, pei haps, in the aitificial 
production of Nature’s own colouiiug 
matters, more especially of alizaiin 
and indigo, that oiganic chemist i n 
lias achieved ils most striking >uc- 
cesses. Through the labours of many 
chemists tlu* composition of these 
natural products was deli rmiiied, and 
their constitution or molecular strue 
ture unravelled, and with the know- 
ledge thus obtained chemists have 
Mimrdi d in prepaiiug these coin 
pounds artificially not. merely sub 
statutes for, or imitations of, the 
natural products, but the actual 
products themselves and that more 
cheaply than Nature herself can pro 
(luce them. 

The Madder Plant 

Forty or fifty years ago. over the 
Nvhyle of Southern Km ope, and east- 
wards to Asia Minor, '.peat tracts of 
land were devoted to the growing of 
the madder plant ; in France done, 
;VJ,000 acres were devoted to its cul- 
ture. When the roots of this plant 
were allowed to ferment, a substance 
alizarin, so called from the name 
given bv the Arabs to the madder 
root, was formed, which was capable 
of dyeing cotton of a bright red 
colour the so-called Turkey red, one 
of the oldest of dyes, and most, largely 
used in the dyeing of cotton goods. 
But these madder fields have now all 
disappeared ; for when the composi- 
tion and nature of this dye-stuff had 
once been ascertained, it was not long 
before chemists discovered a method 
•by which the dye could be manufac- 
tured from Nvhat was then practically 
a waste material, anthracene, one of 
the constituents of coal tar. By a 
series of comparatively simple re- 
actions, one could pass from the 
hydrocarbon anthracene (CmHjo) to 
anthraquinone (ChIIhOs), and from 
anthraquinone to dihydroxy-anthra- 
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quinone or alizarin (Ci illn( )*•((> I! )a). 
In this way the madder dye can 1 h* 
manufactured much more cheaply 
than Natipe can produce it, and in- 
stead of the ToO tons of alizaiin ex 
traded ft < >ui madder roots in INTO, 
over 2,000 tons are now maniif u tured 
annually in chemical woiks. 

The late of t he madder t li lea tens also 
to be the fate of anot her d ve producing 
pi. Put (isttis tinetoiia), tmm which the 
much-prized dvc-stulT. indigo, has for 
thousands <d wars been obtained. 
Kvcii as late as the M-vnitci-nt h ecu 
t my. •tlu* wo ad v\ as - din a.ted in 
Iviliope, but with ijlr opening up of 
trade wit li the Fast, tin F.tnopean 
d\e ci mid not hold it- own with the 
cheaper indigo nbt t i n« -d from the 
Indian plantations, and these, until 
recently, eoiitroll< a d the inaikets of 
the world. Hal run thev have not 
1 vi i abl< to stand again t tl.e march 
id science , and, in tin* production of 
synthetic indigo, the conquest of 
Nature by the chemist and manufac- 
turer constitutes one of the most 
st liking feat mi's of tlu- nineteenth 
century. The light was a long one, 
and the wrilcr knows of no other case 
in which the genius and lesouiccful* 
res- of the chemist, and tin- persist- 
ence and enterprise of the dircctois 
of (human chemical industry, them- 
selves expert chemists, have been so 
conspicuously shown, as in the suc- 
cessful industrial production of this 
dye. bet us try to recount, in the 
briefest possible outline, the achieve- 
ment which has already become 
historic. 

As far back as lNNO, the artificial 
production of indigo was first achieved 
by the Cerium chemist, Adolf von 
Baeyer, using as imnv mateiial the 
substance toluene, which, as we have 
seen, is one of the constituents of eoal 
tar. But although this laboratory 
production of indigo constituted an 
achievement of the highest scientific 
importance, the chemical manufac- 
turer strove in vain to use this dis- 
covery in his struggle to oust the 
natural product. Indigo certainly 
could be manufactured, and manu- 
factured in quantity, but and this 
is the whole essence of the matter 
the artificial indigo cost more than 
the natural, and the raw material, 
toluene, was not procurable in suffi- 
cient amount to make the displace- 
ment of tl R‘ natural indigo possible. 
For seventeen years the struggle went 
on, the chemist assisting with his 
brains and experience, the manufac- 
turer assisting with his money, until, 
at last, in October, 1897, after many 
attempts and many failures, and the 
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c*x|Kiiditurc of dose on / 1 ,000,000, 
synthetic indigo (indigo, that is, pre- 
pared > »y t he* skill of man from simpler 
substances) was placed on^the market 
in competition with the natural pro- 
duct from the Indian plantations. 
And what, to day, is the result of this 
competition ? Hear how eloquent.lv 
the following figures speak. In 1 
India exported Indigo to the annual 
value of over (3,500,000 ; in 1013*her 
exports of this dye were worth about 
/TO ,000, while the Herman export was 
valued at about (2,000.000. More- 
over, in the above period the price of 
indigo fell from, about K/- to about 
.'I/O per II). 

Since the production of indigo in- 
volves a considerable number of 
different processes, and requires the 
use of a number different sub- 
stances, of which \ulphurk: acid, 
ammonia, chlorine, and acetic acid 
are the chief, the success of the 
synthesis as a whole, depends on the 
success with which each step of the 
process can be carried out, and on 
the cost of the substances employed. 
The starting point in the manufacture 
is the hydrocarbon naphthalene, a 
constituent of the invaluable coal tar, 
and familiar to all on account of its 
use in preserving furs against the 
attack of moths ; and the fust step 
in the synthesis of indigo is to con 
vert this naphthalene into a com- 
pound called phthalie acid. '1'his, it 
was known, could be done by heating 
the naphthalene with strong sul- 
phuric acid ; but when the manufac- 
turer attempted to make use of this 
fact, he found that although the 
desired conversion did indeed take 
place, it did not proceed sufficiently 
readily, and the cost of carrying out 
this first step in the process was so 
great that it would have rendered 
the industrial production of "indigo 
unremunerative. but here a lucky 
accident came to the assistance of 
the manufacturer, for, through the 
accidental breaking of a thermometer, 
it was discovered that mercury acts 
as an efficient catalyst in the con- 
version of naphthalene to phthalie 
acid, facilitating the process to such 
a degree as to allow it to be carried 
out with commercial success. 

But the commercial success of the 
production of indigo depended also 
on improvements being effected in 
the manufacture of the valious chemi- 
cals employed. Thus the demand for 
a very concentrated sulphuric acid, 
and the fact that during the process 
of heating with naphthalene, large 
quantities of sulphur dioxide are 
formed, led to the development of a 


new method of making the acid, 
namely, by the “ contact process." 
I-\>r t ht* production of chlorine, also, 
of which enormous quantities arc 
required, the old method of obtain- 
ing tin* gas from hydrochloric acid 
was useless, and a new method had 
to be introduced, namely, by passing 
a current of electricity through a 
solution of common salt, the chlorine 
being theft obtained in a pure state 
by liquefaction. The ammonia is 
obtained, as we have seen, as a pro- 
duct of the distillation of coal, and 
can now also be prepared synthetic- 
ally ; and the acetic acid, of which 
3,000 tons are used annually in tin- 
manufacture of indigo, is obtained 
by the distillation of I50,(M)0 cubic 
yards of wood. 

Synthetic Indigo 

The industrial production of syn- 
thetic indigo, albeit benefiting man- 
kind as a whole, has not only dealt a 
mortal blow at the prosperity of the 
Indian plantations, but it has revolu- 
tionised two other industries, the 
manufacture of sulphuric acid, a 
staple chemical industry of Kngland, 
and of chlorine, together with that 
of the bleaching material prepared 
from it, bleaching powder. 

Although it is not possible to enter 
into a detailed discussion of the prac 
tical process of dyeing, it is of interest 
to note that the process is different 
in the case of indigo and other so- 
called vat dyes, from what it is in 
the case of other dye-stuffs. ,On 
account of its insolubility, the indigo 
is first converted into a colourless 
compound, called indigo white, which 
is soluble in alkalies. After the 
material to be dyed, which may be 
cotton, wool, or silk, has been im- 
mersed in this solution, it is removed 
and exposed to the air, whereby the 
oxygen of the air oxidises the colour- 
less indigo- white to indigo-blue. The 
dye is therefore developed in the 
fibre after its removal from the bath. 

Closely related, chemically, with 
indigo, is that other ancient dye, 
Tyrian purple. Some years ago the 
nature of this dye was investigated 
by a German chemist, who extracted 
it from the glands of t>vo species of 
marine snails, the Murex brandaris 
and Murex trunculus, and ascertained 
that this “d* of dyes, whereof one 
drop worked miracles," was a com- 
pound of indigo with bromine, a 
compound which can be prepared 
synthetically with comparative ease. 
The costliness of this natural dye 
was almost proverbial, and the reason 


for this is not far to seek ; for the 
colouring obtained By the German 
chemist ffoni the glands of 12,000 
shell fish amounted to only # about 
23 grains, and the estimated cost of 
the dye was* nearly ff>0 an ounce. 

(To be continued) 


The Manganese Industry 
of India 

(Continued from pa&c 400.) 
the tegcncrative system, fuel charges 
arc reduced to a minimum. 

A further advantage is that owing 
to the gradual heatipg to which the 
magnesit^ bricks are subjected, the 
proportion of spoiled bricks is very 
low, and a marketable article of the 
highest, quality and of the top value 
should be obtained. 

It is all a question of getting the 
right start. The best expert advice 
should be obtained at the outset, the 
best and simplest possible plant 
should be erected at the start, and 
when once this is set going properly, 
it is afterwards simply a question of 
routine in so far as the works prac-' 
tice is concerned, and an organisa- 
tion of a good sales department on 
the commercial side. The world 
itself is a maifcet for high-class mag- 
nesite bricks, and if bricks of the 
right quality are produced, the price 
is a matter of secondary consideration 
to the steel maker. 

On the lines proposed, there seems 
i1(f reason why a magnesite industry 
should not be established with success 
in India. There are, of course, a 
number of factors that have not been 
considered in this article. The ques- 
tion of sites, for example, is one of 
the greatest importance, but this 
could best be determined after a 
study of the local conditions. 

Given a suitable site, all the other 
conditions are in favour of India. 
Vast supplies of magnesite of ex- 
ceptional quality, cheap labour, cheap 
fuel which can readily be adapted for 
use in the industry, and compara- 
tively low taxation. The main thing 
to tie avoided will be too high a 
charge ff>r technical supervision and 
management, but with a properly 
designed scheme on the lines pro- 
posed, these could be reduced to a 
minimum, and a new industry could 
be commenced which would offer 
immediate possibilities to the com- 
mercial interests involved, and which 
would offer increasingly important 
commercial possibilities as time goes 
on. 
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^The Magnesite Industry 
of India 

(Continued from pagt 3S3r) 

kiln, in which the heating arrange- 
ments are of such a character that a 
temperature of 1 ,500 1,(150 deg. C. 
can readily be obtained. In the ease 
of a small plant, this kiln could be 
used either for the raw material, or 
for burning the finished bricks. It 
consists essentially of a long tunnel 
about 175 to 200 feet long, through 


by the special arrangement of burners 
used . , 

As they pass out of the hottest zone, 
the bricks or raw material # give up 
their heat to the incoming air, which 
is therefore raised to an extremely 
high temperature prior to its mixing 
with the incoming air, which is there- 
fore heated to an extremely high 
temperature prior to its mixing with 
the producer gas in the burners. 

Hy this arrangement, the bricks or 
raw material pass out of t fie kiln in a 
condition fit to bo handled. 


ture to allow it to Ik* worked into a 
brick. The mixture is then briquetted 
at a pressure of two tons per square 
inch, and stacked on waggons situated 
in front of the press. 
t Kach waggon takes a load of 400 
bricks, and one waggon can Ik* passed 
into the kiln every hour, so that if 
the kiln is working only on bricks, 
an output of 11 ,000 bricks jvr 24 hours 
can readily be obtained. 

*A kiln of the size proposed allows, 
therefore, ample capacity for heating 



Large Brick Press 


which pass steel vvaggons or bogies 
fitted with a thick fireclay top. The 
briquetted raw material or the raw 
magnesite bricks are placed on these 
waggons at one end of the tunnel, 
and' as they pass through they 
gradually become heated, until they 
reach the firing zone of maximum 
temperature a little more than mid- 
way in the kiln. Heating is done at 
the start by the waste gases from the 
products of combustion as they pass 
through the tunnel on their way to 
the chimney, until at the firing zone 
they receive the full heat produced 


The kiln could work on the basis 
of burning the raw material, say, lor 
fourteen days, and then burn the 
bricks for a week, etc., or, alterna- 
tively, the kiln could be used for 
burning the bricks during the day 
shift, and the raw material during 
the night shift. 

The dead burned magnesite passing 
from the kiln would pass on to a stone 
breaker, where it is crushed down to 
a suitable size ; there it is fed by an 
elevator into an edge runner mill, 
where it is mixed with a little soft 
burnt magnesite and sufficient mois- 


the raw material, as well as producing 
the finished article. 

liy adopting a system of this kind, 
working costs can be reduced to a 
minimum. Labour charges with a 
plant of the type outlined are ex- 
tremely low. A tunnel kiln can 
easily be regulated, and there is no 
need for the highly skilled labour, 
and close technical supervision, that 
is require*! in the case of a chamber 
kiln. The heavy items of setting and 
drawing are reduced very consider- 
ably, and owing to the adoption of 
(Continued on page 408.) 
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™! ACTIVATED SLUDGE PROCESS 
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Australia, Canada, Denmark, and other countries. 
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- A *"* V JLrn^E * 2. Tanka self-deansinO, the sludge 

Inlng ejected periodically. 

1 .> A. Existing tanks may he converted for the treatment 

' of sew age, thus saving heavy expenditure in 

^ , * ra ^L. . the building of new tanka. 

* reduces area required. 

‘ 6. It Involves practically no loss of fall and often 
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?*** 7. It converts the Sludge Into a valuable fertilizer. 
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A Brief ' Survey of Industrial India 

• .1 si fit's of < ir/i\lcs , hy a ;» ell knou tt . J /#_•;/<>- / ndiau <>f lour, and aide 

n/>i77.ni(V, drilling with /hr history and progress the success and failure 
of Indian industries during the past t.cen/v to taenty-fi'e years, ami 
an attempt to indu a/e possible an , / probable developments in the immediate 
future. All the figures given are quoted from Official papas md reports. 


By Way of Introduction 

I NDIA N political happenings 
have loomed so largely in the 
public eye during recent years, 
that the industrial and com- 
mercial condition of the country 
has been very little studied, and is 
rarely clearly understood. Yet few 
countries possess such infinite oppor- 
tunities of industrial development. 
Rich beyond dream in# vast stores of 
potential wealth— with much of it as 
yet untouched : with industries cap- 
able of tremendous expansion — yet 
with their present output far below 
what it might be even under the 
antiquated methods and out-of-dtfte 
machinery still frequently employed ; 
and with insatiable internal demands 
— calling for the utmost imagination 
and tact in their satisfaction ; India 
stands before the Kmpire and the 
whole world as a vast ^storehouse of 
wealth from which other less bounti- 
fully endowed lands may derive an 
abundant supply of ra.w materials 
and commodities for their needs : 
and as a vast reciprocal market which 
other manufacturing nations will neg- 
lect at their peril. It is no doubt true 
that the political atmosphere of the 
past few years has not been conducive 
to the development of trade ynd com- 
merce in and with India, but we have, 
nevertheless, before us a record which 
may be studied with satisfaction, and 
one which will imbue wise men with 
optimism for the future. We have 
agreed to write this brief survey pf 
industrial India during the past # two 
decades or so, with a view of strength- 
ening this optimism, and to show that 
India is experiencing at one and the 


same time an industrial renaissance 
and revolution. 

The Need of u Transformation 

Time was when India was almost 
entirely an agricultura 1 country, but 
that time, we think, has gone by for 
ever. The question, which is even 
now sometimes raised, whether she 
is to follow mainly agricultural pur- 
suits, or to undergo an industrial 
transformation, is one that has been 
definitely answered by the opening up 
of many huge industrial concerns in 
all parts of the country. These in- 
dustrial undertakings are as yet in 
theft* infancy, and no one can yet 
state what they will develop into, or 
what their ultimate effect will be 
upon the agricultural pursuits of the 
people. The unhappy recurrence of 
famines, the excessive poverty of the 
masses, the pressure of a rapidly- 
growing population, all intensify the 
seriousness of the question of India's 
economic development. But in an 
essentially agricultural country, the 
importance of industrial expansion 
cannot be overestimated. Depend- 
ence solely upon either agriculture or 
industry in these days creates a 
dangerous position commercially for 
any country' . It is courting economic 
disaster to produce raw’ materials with - 
out possessing the necessary means of 
’converting them into finished goods, 
for, as List tersely puts it, “ a nation 
with a one-sided economic development 
is like a person with one leg atrophied 
and only able to limp with the other." 
In India the need for industrial pro- 
gress simultaneously with agricultural 
development, is clear and imperative. 


A Lost Industrial Pre- 
eminence 

It is not uncommonly and wrongly 
supposed that indust lies and in- 
dustrial pursuits are new to India. 
Yet until about the dose of the 
XV 1 1 It h century, India hold an im- 
portant posit ion as a manufacturing 
country. Her industrial pro eminence 
stretches back to the days of tile 
ancient empires of Asia and Kuropc. 
Her ships ploughed many oceans, and 
her colonising zeal has left its im- 
press on names of places and in 
legends in Java, China, and even in 
America. Her commerce ranged over 
all the continents, and the wealth “ of 
Ormuz and of Ind " became pro- 
verbial. Imperial Rome flecked her 
self in the splendour of Indian silks 
and brocades to such an extent that 
Pliny openly complained of the heavy 
drain of gold from Rome to India for 
their purchase. The* " wind-woven " 
muslins of Dacca, the shawls of Kash- 
mir, the brocaded silks of Delhi, early 
captured the ancient markets of the 
world, lint, alas ! the introduction of 
machinery- and the consequent large- 
scale production this made possible- 
proved the death-knell of Indian in- 
dustries, which languished and per- 
ished because they were unsuited to 
the changing conditions in the eco- 
nomic world, and because those 
concerned in them were either unable 
or unwilling to adapt themselves to 
the changes which were taking place. 
So, from the close of the XVII Ith 
century up to quite recent time, 
India fell behind in the race, and be- 
came almost an entirely agricultural 
country. 
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The Recurrence of Famines 

' In Hun stage ol her commercial 
carter, progress has been hampered 
to an cnorniDii'i extent by the repeat* d 
recurrences ol famines. (Tin- of the 
most disastrous, famines of the last 
century occurred in |M*M> P7, when 
almost the whole country was over- 
whelmed, and an appalling holocaust 
of viclims occurred. Want ot water 
and fodder also cause* I an appalling 
destruction of agricultural cattle Be 
fore the calamitous effects ot this 
famine could lie effaced, the country 
ill P.MM) 01 was swept bv a ^milar 
disaster, which < ailed tor an cxpeiidi 
ture of jobs ( ion s of inpees in relief 
and over I II crores of rupees in 
loans. 'l'he agriculturists who had 
survived the- calamity of ls!Mi were 
so woefully crippled when the second 
calamity overtook them, that they 
had plait ically no icsist a nee left , then 
cattle had all perished, and for over 
ten years they suffered from the 
effects. It is estimated that the 
agricultural loss in 1 000 alone was 22.7 
crores of rupees. 

India’s Agricultural Progress 

A survey of agricultural progress 
since those years of disaster may be 
of help and interest In 1 1 H 1 1 the 
total area art nails under crops was 
2 1 A >2 crore acres, of which 17.70 were 
food grain crops. In lOOHOq the 
figures were 2.20.7 crore acres, of 
which 10. OS were food grain crops, 
'l'hese figures show an increase in 
the area of food grains of I .OS crore*, 
equivalent to 112 per emit.; while 
the increase in the area of mercantile 
crops was equivalent to 10.0 per a nt. 
Since then the extension of irrigation 
by canals and reservoirs, the improve 
meut of modes of cultivation, the re- 
clamation of waste land into tillage, 
the use of scientific manures, and 
other improvements, have consider- 
ably reduced the ravages of famine, 
and also enriched the output of raw 
materials for manufacture. In point 
of climate and fertility, land in 
India yields to none in the world, 
and enterprise alone is needed to 
develop its agricultural resources. ( )ut 
of (‘>21 million acres of land in British 
India, only two thirds is today 
under cultivation. Out of a total of 
3SS, 37.7, 000 acres available for culti- 
vation. /.<•.. 02 per cent, q/ the total 
acreage in British India, the aggregate 
amount under tillage is 222.S25.000 
acres, or 20 per cent, of the total area. 
Of the remaining 27 per cent, that 
could be cultivated. IS per cent, has 
not even been taken up, while 0 per 


cent. is intentionally kept tallow, 
bovvrnuu nt. officials state that if the 
whole available acreage were put 
under cultivation, famine would be 
reduced by over one half, and prob- 
ably even more so if new methods ot 
cultivation were introduced, for the 
present yield per acre, as pointed out 
ill the last issue of INUOSTKIAI, InOIA, 
compares most unfavourably with 
th.it of otl^er parts of the world. It 
may be broadly stated that while 
progress has undoubtedly been made 
with agriculture during t he last t wenty 
years, very much more might have 
been done. Not only is much poten- 
tial wealth going to waste in the un- 
tilled lands of this great country, but 
can the land under cultivation is 
worked in anything but a scientific and 
efficient manner, and consequently 
far below its full producing power, 
f ields are only ploughed very shallow, 
and are either badly manured, or else 
not manured at all. Irrigation, in 
many districts, even to day, is totally 
neglected, or < lse carried out in such 
an imperfect, and inefficient manner 
as to be of little use. Keen when seed 
is purchased, it is generally ol such 
an inferior quality that its productive 
force is very small. It is estimated 
that it the intensive methods of culti- 
vation which prevail in Japan and in 
Holland were employed in India, 
agricultural production could be in 
creased by at least fifty per cent. 

The Co-operative Movement 

Improved methods of agriculture 
can. however, only he popularised 
when t!ie mind of the worker has been 
educated to appreciate and value 
them The Indian peasant is the 
victim of inhe rited qualities and con- 
servatism strengthened bv custom 
which arc- antagonistic to change He 
views with suspicion and repugnance 
any departure from time-honoured 
methods or the introduction of am 
new implement. Improved cultiva- 
tion, the list' of scientific manures, tile 
employment of irrigation, have no 
fascination for him. He plods along 
in the manner of his forefathers, takes 
no thought for to-morrow, and ex 
presses little*, it any, interest in the 
advance and progress of other nations. 
At the same time, signs ;frc not want- 
ing that an awakening is taking pjace. 
One of these signs is the continued and 
unchecked growth of tin* Co-operative 
Movement, throughout India. Not 
only from the point of view of re- 
ducing debt a very heavy burden 
upon most Indian agriculturists- and 
placing the agriculturist upon his feet : 


but also from the point of view of its 
beneficial effects upon, the character 
and habits vf the people, co-operation 
is full of promise for the future. The 
Co-operative Movement in India will 
be dealt within a later article. Suffice 
it here to quote the following extract 
from the official “ Statement of Pro- 
gress in India,” published last year: 
“ 77 ie steady ami solid growth of the 
co-operative movement is by degrees 
providing the necessary foundation for 
a corresponding progress in scientific 
agriculture. The means of the Indian 
t ultivator are very limited, and in 
most 1 eases do not permit of outlay 
either upon improved agricultural im- 
plements, or upon expensive fertiliser^ 
necessary for supplementing soil de- 
ficiencies. • The Indian cultivator needs 
improved seed, improved tools, and im- 
proved methods ; and unless these can 
he placed at Ins disposal, he cannot he 
expected to achieve much progress. The 
help which the co-operative system can 
afford in over coming these difficulties 
is undoubted, and the prospect of future 
prosperity which it opens up to the 
peasant is most encouraging. At 
present, since his means are smalt, the 
Indian agriculturist often fears to take 
up new methods until he is convinced 
beyond all possibility of doubt that hr 
is going to do much better without a 
large extra expenditure of hi hour, and 
of money. I fie world's progress is 
affecting agriculture equally with other 
occupations , and unless the agriculturist 
can be equipped with the knowledge , as 
well as the capital, for developing the 
resources at his disposal, it is difficult 
to sec how he will in future support his 
share of the economic burden from 
which no nation on the road to self- 
government eafi' escape. 

7'here can be little doubt that with 
the spread of the co-operative move- 
ment, the problem of agricultural in- 
debtedness which is one of the most 
serious problems confronting the agri- 
culturist to-day, with its attendant 
evil and depressing effects- will, in 
the course of the next few years, have 
lost much of its terrors. Perhaps 
even more important, from the point 
of view of the general progress of 
India, are the moral effects of co- 
operation, and, in this connection, 
both litigation and extravagance are 
diminishing. In the Punjab, for ex- 
ample, many co-operative societies 
have passed rules prohibiting certain 
forms of ceremonial extravagance. 
Co-operation is slowly but surely 
creating what India so greatly needs, 
viz., a public spirit, arid a sense of 
common citizenship which will be of 
{Continued on page 432.) 
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Utilisation ot Waste Fuel in Colliery Boiler Houses 


V ARIOUS estimates have 
been made by eminent 
scientists from time to 
time as to tin- probable 
date win'll the coal supple 
el this country will be exhausted. 
These range from 120 to 500 vears, 
blit Sir William Ramsey once made 
the definite statement that in |f>0 
years the price of coal would be so 
great that a large portion of out 
industries would have to be shut 
down. lie attributed this to the 
undoubted fact that the need for 
coal would become greater and greater 
as time went on, so that there would 
be, on the one ham?, a constantly 
increasing demand, and. on the other 
hand, a - onstantly decreasing su|.>plv. 
The premises are doubtless correct, 
but, with all respect, the conclusion 
is invalid, because it is based on t^e 
unscientific methods then prevailing, 
and tails to take into account seveial 
factors, of which the chief are : the 
availability for certaifi purposes of 
other sources of power, tin- great am! 
growing improvement in methods of 
combustion, and the development of 
mechanical stokers am! self-clinkering 
furnaces to deal with classes of coal 
hitherto regarded as useless for steam 
raising purposes. 

Colliery Practice 

From the point of power pro- 
duction, the colliery manager is in 
the unique position that it is at his 
disposal at a cost considefably less 
than at that of any of his professional 
brethren engaged in any other in- 
dustry. And if he concentrates his 
attention upon this important branch 
of his calling, he will find that once 
he lias procured suitable plant, alid 
established the necessary organisation 
to work it, the power question cannot 
only be solved at practically no ex- 


»y K. C. RFK1> 

pense lor luel, but tlmt bis own time 
expenditure lor supervision will In- 
ver v trifling. 

( >1 the coal imi-d in ('.real lUitaiu, 
1)0,4 MH 1,000 tons per annum, or IS pi r 
cent, of the total, i< usi-d for steam 
raising, of which a very considerable 
proportion is used lor this purpose in 
the collieries themselves. It is by 
uo means unusual to find that the 
luel consumption in a colli>-r\ reaches 
to as much as ten or more pel cent, 
of the output, and. though some of 
it is good quality marketable coal, 
much ot it lousi.sts of pit sweepings, 
with, generally, a high ash content. 

It is this laet which l»as been largely 
responsible for tin iuetliciency which 
lias jii the past been a characteristic 
of colliery boiler houses. The Control 
Hoard, in I bib, calculated that the 
average total efficiency of boiler plants 
in !hi s country was 1 lieu about bo per 
cent., but this average, low as it is, 
is but rarely reached in collieries. 
When it is remembered that in 
modern boiler bouse practice, an 
efficiency of from To to SO per cent, 
is fully practicable, the need for 
improvement is obvious, and this 
need is more apparent, in collieries 
than elsewhere, owing to the fact 
that such a low general average is 
reached simply because the boiler 
efficiency in collieries rarely rises to 
bo per cent., and is. in many cases, 
as low as do per cent. It will be 
seen, therefore, that a colliery having 
an efficiency of the latter figure can, 
by the installation of suitable plant 
and organisation, have its efficiency 
vcr\ considerably increase <1. 

Low Grade Fuels 

That colliery owners and their en- 
gineers have not l>cen slow to profit 
b> the experience gained in recent 
years is proved by the large number 


of new boiler bouse plants laid down 
ia various collieries throughout the 
country, t In-si 9 plants invariably in- 
cluding means for utilising as fuel 
inui’h matciial of a low grade and 
largely unsaleable nature. Among 
the fust ol such appliances we must 
put mechanical stokers, which in 
recent years have made great strides 
in the direction of burning waste fuels 
satisfactorily. 

In colliery practice, the great ad 
vantage of mechanical stokers is the 
ease with which they can burn low 
quality coals successlully. In hand- 
firing, an excellent stoker none too 
plentiful working with a sense of 
responsibility and a knowledge of the 
principles of combustion, can, by 
exercising care and skill, produce, 
very good results from high class 
coals, but. it is obviously a most 
wasteful procedure, to use up high- 
priced, good quality coal in a boiler 
furnace, when a mechanical stoker 
can produce the same, or better, 
results Irom coal that, is, in the 
ordinary way, unmarketable, sucli as 
pit sweepings, belt pickings, washerv 
refuse, and even pond sett lings. Under 
modern combustion conditions, there 
is no reason why the huge piles of 
fuel which now disfigure the colliery 
districts should not entirely disappear 
from our countryside, and by being 
used in the boiler furnace, release the 
better coals for a more worthy pur- 
pose. It is but natural that colliery 
managements, who are the losers 
when worthless matter is laboriously 
got irom the bowels of the earth, 
should, if after all it is found that 
such subsffinee has some combustion 
value, however small, be the first to 
benefit bv this. And they can now 
do so by selling the coal of market- 
able value hitherto burned by hand- 
firing under their own boilers, and 
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iurb<t*l'ulvfrlwr at n Durham 
Colliery u*lng l ow Crude Coal 


substituting these low grade furls for 
the production of the power needed 
by the collieries themselves. 

A typical example is that of a 
colliery in Durham. In the case re- 
ferred to, a large quantity of eannel 
coal, belt -pickings, pond settlings, 
etc., being available, the Company 
took into consideration the possibility 
of tneehanieal stokers, and so releasing 
the good quality slack then being 
used in liand Tiring the boilers for use 
in other directions. 

Plant under Test 

'Hie steam plant consists of six 
Lancashire boilers, each 30 ft. by 
S ft., with pressure at OK) lb. per 
square inch, the feed-water tempera- 
ture being about 100 deg. h\ 

The stokers arc designed to raise 


! '■ 'ti’Jm-U l-uft 
Hunt ('■>. 

Three classes of fuel were used on 
these tests : the “ eannel coal,” a fuel 
in large lumps, with a great deal of 
shale irregularly distributed in the 
mass; belt pickings, or the portion 
thrown away by the pickets as quite 
useless ; and the washerv refuse. This 
latter proved to be nearly quite in- 
combustible when tired by itself, but 
the difficulty was overcome by nyx- 
ing it with a proportion of the 

eannel coal, 

Test Results 

All the tests were made on a Lan- 
cashire boiler, S ft. by 30 ft., of 1,000 
square tect heating surface, fitted 
with a “ Bennis “ hand-fired furnace 
of H square feet. 

Test yielded the following figures : 


With these fuels it was found 
possible to produce £rom 4,600 to 
0,300 11*. ofjTeam per hour from the 
boiler, thus not only avoiding the 
consumption of better-class material, 
but making profitable use of what 
had been only an encumbrance. 

South Wales Conditions 

'flu* case of South Wales is of 
peculiar interest, because for many 
wars prior to the war, the South 
Wales area was largely a barren field 
so far as mechanical stokers were 
concegned. This cannot be regarded 
as due to any lack of enterprise on the 
part of the colliery managements, but 
is to be explained by the complexity 
of the circumstances, and was justified 
until the mystery was solved. There 
were, of course, the conditions, com- 
mon to all colliery districts at that 
time. Abundant supplies at low cost 
encouraged waste and extravagance, 
so that economy practised on any 
sort of scientific system came to be 
regarded as a sort of work of super- 
rogation, incompatible with high effi- 
ciency ; a counsel of perfection to 
which few dared aspire, and one, 
moreover, which brought no reward 
save that of self gratification. It 
was difficult enough in those days for 
a stoker manufacturer to show a 
saving at all ;*t a colliery, while to 
persuade anybody of its necessity 
was a veritable labour of Hercules. 

Added to these conditions, there 
existed, in South Wales, circum- 
stances peculiar to that district which 
nfatle the claims of the stoker manu- 
facturer very difficult, and often im- 
possible to substantiate in practice. 
The chief of these lay in the varying 
quality of the coals. As is well 
known, South Wales coals differ very 
considerably in their chemical and 
burning properties, and this often 
led to tile apparent anomaly of a 
mechanical r stoker performing its 
function successfully at one colliery, 


steam from all sorts of refuse fuel, 
and tests were made on the plant 
with the object of determining the 
power of the stokers to utilise at the 
colliery the lowest grade fuels pro- 
duced, which had been looked upon 
as practically mere refuse. At that 
period (as, indeed, still is the ease), 
it was a matter of the highest im- 
portance to leave the whole of the 
better fuel available for use else- 
where. and to make use of the un- 
saleable residue for the production 
of the power needed by the colliery 
itself. 


Class of furl luirnt. 


Fuel burnt per hom ... ... ... lbs. 

Fuel burnt per sq ft. grate per hour 

Percent ago of ash ami > linker 
Water e\ aporatod ns from ami at 212*deg. F 
per lb of fuel . ... . . ... !bs. 

Water evaporn as from ami at 2 1 2 deg F. 

per hour ... ... . . ... lbs. 

Average temperature of feed water entering 
boiler ... .. ... ... deg. F. 

Average steam pressure by gauge — 

lbs. per sq. in. 
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and less satisfactorily at another one 
a stone’s throw away. Not oqly that, 
but cases were not unknown in which 
at the same colliery 1i incchanical 
stoker worked admirably for a few 
days, and then failed to maintain the 
results. 1 lie difference was not so 
much due to the stoker itself as to the 
fact that the coal supplied to it at 
one period gave different results in 
combustion from that supplied at 
another. In ordinary industrial works 
the mechanical stoker was installed 
to meet certain conditions, and in 
most cases the coal was of known 
calorific value, and the qiujity re- 
mained at a comparatively uniform 
standard over long periods of time. 

* The war, however, made it necessary 
for everybody to use whatever coal 
the gods, in the shape of the Control 
Hoard, eared to send. 'flu- better 
quality coals disappeared alike from 
the domestic hearth and from all 
ordinary industries of the country. 
This circumstance had its effect upon 
the design of mechanical stokers, and 
led, among other things, to the con- 
struction of mechanical stokers spec- 
ially designed to meet the new con 
editions. 

The essential diflicully of dealing 
with Sout h Wales coals on mechanical 
stokers arose from the fact that the 
stoker had only one speed of working. 
As is well known, tjic speed of move 
men of the grate relative to the 
timiny in feeding the furnace with 
fuel, has a most marked effect upon 
the efficiency of the furnace, the 
cleaning of the grate, and the furnace 
temperature. In the new >4.Akers 
provision is made for an independent, 
range of adjustments for the speed of 
the grate, and the fate .it which the 
fuel is fed to it, so that they can be 
regulated independently one of the 
other. The result is that though this 
machine may l>e burning one par- 
ticular grade of coal to-day, it will 
burn a different class of coal, with 
equal efficiency, to-morrow. 

These stokers have been installed 
in several of the largest collieries in 
South Wales, and sufficient length of 
time has now elapsed to be assured 
of their successful performances. 

Boiler Efficiencies in 
Collieries 

It would appear from tests taken 
that the colliery industry has the 
lowest boiler efficiency of any in the 
country, the average for 100 boilers 
inspected being only 55.5 pef cent. 
What can be done is showrt by the 
table of tests above, which shows the 
average of twelve recently-conducted 


COMPARISON op Tp STS <>N OH.LlbKY PLANTS 


Number of plants tested 
Boiler hours 

Average boiler hours per test * 

Calorific value of coal used (average. 

Percentage ash in do. (average) 

Total coal used 

Coal burnt per boiler per hour 

Coal burnt per boiler per sij ft grate area per ho 

Draught at chimney . .. 

Draught at leaving boiler . .. . 

Temperature line gases leaving boiler 
Percentage CO . ill line gases 
Total water evaporated (actual) 

* Average steam pressure .. . ... ... 11 »> 

Average feed temperature into economiser 
Average feed temperature into boiler . 

Superheat above saturation temperature 
l’actor of evaporation 

Total water evaporation from and at 212 deg. 1\ 
W ater evaporation per boiler per hour (actual) 
Water evaporation pel boiler from and at 212 tie; 
Whiter evaporation per lb. of coal (actual) 

Water evaporation per lb. from and at 212 deg. 1 
Water evaporation per sq. ft. heating surface pel 
and at 2 1 2 deg P. . . 

Total thermal ellieieiU N 
Thermal ellieienev. boiler oul\ 
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tests mi hand -fired boilers at collieries, 
and a similar averagj of thirteen tests 
on Lancashire boilers at collieries 
fitted with sprinkler stokers and com- 
pressed air furnaces. 

It is only fair to say that in the 
matter of coal, collieries have certain 
difficulties of their own, and much of 
the wastage is, under present con- 
ditions, unavoidable. It is difficult 
to get good stokers for hand firing at 
collieries, or, for that matter, any- 


where else. Indeed, one ol the chief 
factors in the invention and develop- 
ment of mechanical stoking methods 
is the increasing reluctance of men 
to undertake this dirty, disagreeable, 
laborious, and often disappointing 
work, whilst the necessity for using 
up low-grade fuels, the consecutive 
shifts, and the intermittent demand 
for steam are other difficulties of 
colliery practice. With the new type 
of stoker, however, all these difficulties 



Btnnh Stoker designed for Refute Fuel 
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arc fully met, so that collieries are 
now enabled to product* all the steam 
they require from fuels which have 
otherwise practically no value at all ; 
the human element, with its tin 
certainty, its unreliability, ami its 
temperamental repugnance to the 
arduous and largely thankless task 
of firing by hand, is reduced to its 
proper place ot supetvision and con- 
trol of the machines ; the stoker will 
give ready response to any demands 
for steam, however lluetuating, and 
after allowing for the capital outlay 
and the cost of wear and tear, the 
stoker will effect a considerable saving, 


regarded as impossible to obtain 
labour ot the type required to stoke 
continuously the hand tired furnaces, 
and 1 1 ley were allowed to go out. the 
situation being saved by working 
the mechanical grates with amateur 
labour. Sufficient steam was thus 
kept up during the whole period to 
continue all the most vital operations. 

Powdered Fuel 

'I'll is section would be incomplete 
without some relerence to the use of 


pulverised, or, as it is generally 
termed, “ powdered ” fuel. Coal in 
this form was first successfully applied 
to cement bn filing kilns, and is largely 
used in this industry, though it w^is in 
form very coarse compared with the 
fineness now obtained, whilst the ash, 
which has always been a fruitful 
source of trouble in other attempted 
applications, is in this process a 
useful addition to the ultimate 
produce. 

< >f recent years powdered fuel lias 
been applied with some success to 
steam raising both at collieries and 
elsewhere. This development, how- 
ever, is more noticeable in America 
than in this country. The process, as 
first introduced, was verv costly, and 
showed no great advantage in actual 
operation, Whilst the liability to 
spontaneous combustion, and the 
greater risk ot explosion, made com- 
mercial progress difficult. At the 
same time, the possibility of this 
system must not be ignored. It is 
not yet perhaps fully developed, but 
many difficulties have already been 
overcome, and there is no reason to 
doubt that the use of powdered fuel, 
which has many advantages to recom- 
mend it, will make considerable head- 
way. The lew installations already 
in existence in this country prove 
that, it not yet fullilling all their first 
piomises, the proposition is com- 
mercially practical, and, in an in- 
creasing degree, commercially profit- 
able, especially in collieries where a 
large untapped icservoir of .small 
inferior coal is available. 


and continue t < » save year after year. 

Stoppage of Plant 

There is, finally, one advantage of 
mechanical stokers which should ap- 
peal with particular force to colliery 
owners and engineers, namely, that 
in the event of a strike or other emer- 
gency involving a stoppage of work, 
serious losses, and possibly danger, 
are likely to occur in the mines if the 
steam is elitiulv shut off. With 
mechanical stokers, if the regular 
firemen fail, the boilers can be worked 
by unskilled labour, not perhaps with 
the same degree of success, but suffi- 
ciently well to maintain the steam 
required for such impoitaut opera 
tions as pumping, veiitilatayi. etc 
There were many instances of this 
during the recent coal strike. In one 
ease, all tile boilers were of the same 
type, but some were hand-fired, and 
the others mechanically fired. It was 
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M r. rkntham s.ii<i th.it 

Mr. Hall had suit him a 
question with reference 
to the- si/.e of switches, 
from 200 ampen.*. up to 
2,<MI0. In his paper lit* was really 
dealing with high-tension rathei than 
'a medium- pressure supply. ( )n tin- 
main board in the power house it was 
better to standardise alf tlu* eubiele 
units if possible, and generally 150 to 
200 -ampere sizes were quite suitable, 
although, ot course, conditions might 
occur that would require standardisa- 
tion of larger- sued units. Hut in tin- 
case of a medium pressure supply at. 
say 500 volts, and dealing with cur- 
rents Up to 2,000 amperes, the only 
thing possible, if one desired to keep 
one universal cubicle spare, would be 
to take the largest size and cliai'g- 1 the 
series overload coils in the switch to 
suit the circuit that one desired t<» pul. 
this switch on. This was not a m iion- 
proposition, and having a few spare 
overload coils in stock was less ex- 
pensive than switches that is, spare 
switches for every main cubicle circuit . 

As to the lowering the cable down 
the shaft: with the drum on the^top 
deck of the cage, that was quity a* good 
idea, but everybody was not so lot- 
tunately situated as Mr. Hall in this 
respect. Naturally Mluv would find 
narrower shafts and narrower cages, 
and in these cases the best way was 
to lower the cable by means of a rope. 
Of cotirse, where the drum could be 
lixed on the top deck of the cage, and 
they could start away from the top 
and cleat the cable as they went 
down, this seemed a very good 
proposition, and he should say it 
was a very good method of installing. 
At the same time, they must bear in 
mind that when they started lowering 
the cable by that means f they had to 
continue through tlu* whole shaft ^nd 
get the cable into position, and that 
might prove detrimental if they 
needed the shaft for any particular 
purpose in a great hurry. Therefore 
the reason why he always recom- 
mended lowering cables by means of 
a rope was that they could release 
the shaft at any time for any particular 
or urgent call. Then, again, th< ques- 


tion of taking tlu* cleats into the cage 
to go through tin* whole shaft, and 
being able to get any special tool that 
might be required, bad to be taken 
into com-idciation. 

Cleats 

With lelcicuce to the cleats, thev 
generally made theirs for. say. a 2 in. 
cable. 1 It. long, Sin. wide, each 
half about !>} in. thick, 2 in. thick- 
mss nl wood between the bottom of 
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the [ in. liictiou grip did not. damage 
the armour of tin cable or otherwise 
cm**h the enclosed conductors. In the 
old dav- he had known cases where 
cleats had been made I ft. long (two 
halves, each b in. thick), allowing a 
cable grip of J in , and when this 
ftiblc was put into commission they 
ware very lucky if they were free 
from a short-circuit between one of 
the lines and armour. 

Mr. Rail had asked whether it was 
not belter, from the point o! view 
both of ollicieiicv and maintenance 
of the power factor, to instal motors 
as near the work as possible, rather 
than to have a large reserve of power. 
In the modern design of motors a good 
power factor was obtained on motors 
.it three-quarters load, so taking anv 
motor working from three quarters 
load iij) to the specified and time- 
overload conditions gave- a lair amount 
of flexibility ami generally met most 
conditions, but in special conditions, 
where it • was desired to put in a 
large motor allowing for future 
extensions, the power factor could 
always be improved by apparatus 
attached to the motor. In cases 
where a number of these motors were 
being installed, a great deal larger 
than at present necessary, with a view 
to future extensions, the power factor 


<i\ the whole system could In* brought 
up b\ mentis nt tlu* svin hiouous motor 
or condenser, but fiom his point of 
view the condenser was a much better 
proposition than the synchronous 
motor. It had tin- advantage that it 
could be installed'in units lo bring up 
the power factor ot the system as re- 
quired, and of com sc this method 
should only he n-soj t rd to when it 
was not possible to instal a motor or 
motors woi kifig at not less t hail t lirec- 
quaiters load. 

Mr. McTiusI v had asked what was 
the cost of increasing flu- power factor 
from 0.X5 to 0.05. This depended on 
tlu* k.v.a. Assuming it was desired 
to raise tlu* powei factor oi X7 k.v.a. 
fiom 0.55 to 0.05 on a 50(1 volt T phase 
supply, Ihis would require a con- 
denser having an output of 57 k.v.a., 
which would cost about (250. In 
some eases, to bring up the power 
fac tor on a 750 kw. plant from about 
O b to 0 05 might cost between /J2.000 
and HI ,000, complete with all gear. 
Cases bad occurred where the installa- 
tion n| these condensers Imd effected 
a saving of M00 pi a year where power 
had to be bought . 

Suspenders 

In replying to Mr. C, ill's question 
with regard to round iron suspenders 
and flat-iron strip suspenders, he (Mr. 
Hcntham) had used both types, and 
preferred the round ones. If they 
used lint strips the corners ought to 
be rounded off by means of a tile 
before the cable was suspended from 
them. Ih* had found the round ones 
rather easier to make, and he thought 
round ones wen* more used than the 
flat strip type. In any case, this was 
a matter of small moment. Hither of 
the two tyjK-s was quite all right. He 
always used flat strips bolted to the 
overhead suspension ware to support 
any overhead armoured cable, and 
round and flat down the mine, where 
and when required. 

In reference to lighting and ar- 
moured cables, he did not at any 
time care for piping, and if armoured 
cables were treated with Stockholm 
tar they should stand up to their work 
as casilv as metal tubes. The trouble 
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with piping vv;is f>;i<l and rusty joints, 
and sometimes condensation. Me had 
withdrawn rabies from a piping sys- 
tem that had only been in a few 
months iti a wet plaee, and all the 
cables were found to be wet and 
slimv. '1'his had also been found to 
be the ease where cables had been 
installed in pipes in stables on the 
surface and underground. This sys- 
tem had been replaced with armoured 
cables, and everything was O.K. 
Armoured cables were just iron, in 
the same sense as an iron pipe, and 
he could not see why they should get 
more corrosion in using iron armour 
than an iron pipe, and so he should 
be prepared to put in armoured cables 
in all cases. Such cables were used 
in shafts, and in some cases they were 
working under very bad conditions, 
and where piping could not lx- used. 
If thev could not use piping in a 
shaft . and were bound to use arm- 
oured cables, he did not see why 
they should want to use piping in 
preference to armoured cables. He 
had cables working under very bad 
conditions, and was prepared to back 
armoured cables every time against 
ordinary cables in any kind of tube. 

Cleats 

His remarks to Mr. Hall on the 
subject of cleats would more or less 


answer Mr. ('.ill’s questions, with the 
exception of the grip he allowed on 
the cable. Just, a saw cut was rather 
due. He was prepared to err on the 
side of safety, and considered {-in. 
grip not too much. Kven a j] in. 
grip on a decent cable would do no 
harm, but above that he would not 
bo prep-red to go. He thought that, 
a {-in. friction grip on a 4 ft. cleat 
made a nice neat job. In reference 
to the distance apart, irrespective of 
the weight of the cable they always 
put in their cleats from about 20 to 
25 yards apart. It was better to err 
on the side of safety, although it 
might be a light cable, than to in- 
crease the distance apart tat ween 
the cleats. It was not wise to let a 
cable hang down the shaft unsup- 
ported for a distance of 50 or 00 
yards, as this really meant that the 
conductors were to some extent de- 
pending upon the insulation for sup- 
port. This had been proved at various 
times by the broken conductors in a 
small shaft cable. To eliminate this, 
cleats should lx* put in at Jess than 
25 yards apart. * 

Replying to M^r, McTrustv’s ques- 
tion as to lowering the cable and 
tying on every 0 or 7 ft., he thought 
this was modern practice. As to in- 
stantaneous time elements, he would 
stand by his first statement. A short 


time ago he completed 21 years' ser" 
vice as f hief electrical engineer to a 
colliery company, and during that 
time he was responsible for the whole 
of the erection of the power and light- 
ing plant. In 1901 he put down a 
100-h.p. motor^ and in 1904 another 
100-h.p. motor with instantaneous 
elements. These motors had been 
running from that time up to the 
time he last saw' them without a half- 
penny being spent on them for repairs 
other than the usual cleaning and re- 
newal of brushes. That was a fairly 
good record, and, judging from his 
experience, he did not think there was 
anything really to warrant time-lag 
elements on motors other than series- 
wound coal-cutter motors and squirrel 
cage motors, in the latter in the start- 
ing position only. 

Where motors were installed witli 
time-lag elements they would gener- 
ally hud that, if any internal shorting 
happened, the motors suffered more 
damage than if instantaneous ele- 
ments had been employed. lie always 
found that setting the instantaneous 
elements to the normal overload of 
the motor offered ample protection 
to the motor. Moreover, if anything 
should happen on the haulage road, 
such as a tub getting off the rails arid 
bumping into a prop, the motor, in- 
stead of receiving some considerable 
damage, which \\as possible if held 
in circuit by means of the time-lag 
element, would immediately reach 
the overload value and trip out. At 
the same time, instantaneous de- 
ments helped to protect motors in 
this Vav ; faulty starters had to be 
eliminated more so than in the case 
of the time-lag. 

When he wa& referring to the 
squirrel-cage motor, and having time- 
lag elements on the starting position, 
lie really meant that when they started 
up the motor and got a sudden rush of 
current in the starting position mo- 
mentarily, it was advisable to have 
time-lag elements in the starting 
position only, and then, when they 
changed over to the running position, 
they could have their motor protected 
by means of the instantaneous ele- 
ment. That was better than having 
time-lag elements only. But in some 
cases, as he f had mentioned tafore, 
for ’coal-cutting with series-wound 
mbtors on D.C., as soon as they 
switched on it reached the instan- 
taneous value with overload at once 
and tripped out. In this ease time- 
lag elements had to be employed. 
Of course, the working conditions of 
a mine varied, and where motors 
could nt>t be run without a time-lag 
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dement he would at no time set the 
time element to more titan two 
seconds. The reason \rhy he advised 
the instantaneous value elements was 
tha? on the switches protecting the 
motors it was no common tiling to 
see the trips set to 50 per cent, over 
load, witli a time-lag of seven seconds 
— actually no working protection to 
the motors. 

enable Standardising 

In rclerence to Mr. McTrusty’s re- 
marks about standardising lengths of 
cable, he might say that in tflie early 
days lie even went one better than 
m that. They had standardised their 
cables to lot) -yard lengths, and had 
link-disconnecting hoxeft every lit K > 
yards, and in some every 100 yards. 
Of course, there was a diversity of 
opinion, and it was not always wise 
to recommend that system to colliery 
managers. The managers generally 
said : “ We do not want to cut this 
cable into smaller lengths than poss- 
ible and then have to insert junction 
boxes.’’ In cases of this kind they 
had to be governed by conditions. 
Some collieries could deal with longer 
lengths of cable than others, and if 
they could they saved the cost el a 
joint box at various points along tlu* 
route*. A junction box on a cable 
should really be pufin a recess in tlu* 
wall and mounted on a brick pillar, 
the b«»x bolted down to the pillar 
and the cables anchored either side, 
but this was, of course, expensive. II 
cables were installed in long lengths, 
say 300 to 400 yards, some ,ol the 
expense of building brick pillars and 
making recesses was eliminated, and 
many managers piekrred that to in- 
stalling a standard cable 100 yards 
long and putting in a joint box every 
100 yards. 

Me agreed with Mr. Mc'l rust y that 
when a fault occurred oil a cable it 
was nice to think th.1t they had gut 
oue standard length of cable, say 
100 yards, which they could sectional- 
ism and find out when* the trouble was. 
Of course, these boxes were link-dis- 
connecting. If they were not, and the 
straight-through type were employed 
and filled up with comptiund, stand- 
ardising cables to any length had 
nothing to recommend it. Wheji 
standard length of cables were em- 
ployed in conjunction with link-dis- 
oSnnecting boxes and the faulty 
section had been found, a new stand- 
ard length of cable could be put into 
x^om mission from one box to the other 
and the faulty section brought out of 
the pit. Many managers did not care 


to go to that expense. If l not, the 
only thing to do was to take in the 
1* mgest length they po»s ; bl\ could 
with safety, then to join the cables 
together by means of suitable joint 
boxes filled with compound, mounted, 
bolted, and anchored to a brick pillar 
in a recess at the road side. The 
cable should also be aneb ’ u> 
the brick pillar by suitable iron 
damps. Then, should there be a 
fall of roof or anything of that 
kind, they wire not likely to get 
such a severe strain on the armour 
glands of the box He had known 
eases where falls of roof had dragged 
the connections out of the box, torn 
tlie box fiom the pillar to which it 
was not bolted down, dropp'd it on 
the lloor and broken it open. So it 
was really better to anchor the cable 
at cither side of the box to the brick 
pillar with metal damps, and to the 
props at either side. If not, and the 
box was only put on a pillar, or on a 
ledge at the load side without any 
metal anchors, they n’sked the box 
being brought down with a fall of 
roof and broken open, and this might 
cause open sparking. 

As to transformers buckling, he 
had experience of this apparatus for 
a number of years, but had never 
hmi so unfortunate as to meet a 
transformer the walls of which would 
not bear its own weight, or which 
would buckle. All the transformers 
that he knew were strong and robust 


enough to lx* wheeled anywhere. 
When he considered that lie had 
transformers at different places weigh- 
ing three, four or five tons, to deal 
with that did not buckle, he should 
hardly apprehend any buckling from 
a small transformer such as was gener- 
ally used in bye in a coal mine. If 
they did get buckling, he should be 
inclined to fall out with the people 
who made the transformer, and to 
tell them that they really did not 
know their work, and that the design 
w as at fault 

Leakages 

In reference to leakage protection 
and indicators, they could have leak- 
age indicators and leakage trips. One 
could have a leakage indicator show- 
ing the state of the insulation of the 
system in conjunction with leakage 
trips, but he felt sure that II. M. In- 
spectors did not: press them to have 
leakage indicators of the visible type 
in conjunction with leakage pro- 
tection, because really leakage pro- 
tection was very much better thuu 
visible leakage indication, and the 
leakage protection as they knew it 
was leakage indication which auto- 
matically opened out the circuit when 
a fault occurred, and with the higher 
pressures it took very little leakage 
current to open t he circuit . The visible 
leakage indicator was quite useful 
where an unearthed neutral was em- 
ployed, and although an indicator 
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was used, t lie- rlau>;cr was that. a leak 
age might b<* neglected until mu- nj 
tin- othe r line-, vv«-nt to t .ii t It 1 m toh 
the: overload trips came into opera 
tion. It was better to havf- auto- 
matic small leakage- cut olt protection 
at all points if possible. If a visible 
leakage indication was ncccssai v at 
one* place, it would also he- necessary 
at every point where a step up or 
clow n was made, and inst i mneiit s toi, 
this purpose underground would often 
lie neglected, so it was very much 
hetter to have the leakage protective 
device, which was in itself a leakage 
indicator that automatically opened 
out tile* faulty circuit or circuit*-, and 
could not he neglected like- the* ordiu 
arv type* of visible* indicating leakage 
instrument, leakage prote ction could 
also he set to certain values which 
worked ve ry well on tht^lowar press 
tires, hut on the higher pressure cir- 
cuits a small fault on an armoured 
cable with an earthed neutral was a 
large one in a ve ry short time. And 
generally a limiting resistance* was 
employee 1 between the neutral and 
eaftli. 

Mr. MeTiusty, emphasising his 
question as to the* instantaneous cut 
out, said the* point was that if they 
got a motor i minim; at L’O ampe res, 
and it was set so that it would trip 
out instantaneously at amperes, 
which was the working load, the 
tiling would he too delicate, hut 
if it was set to the overload 
condition of the* motor it met his 
point. 

Mr. lUntham : That is right ; that 
is what I mean. I have been doing 
that for years. Dealing with Mr. 
Waterhouse’s questions, Mr. Heiitham 
went on to say that to give the rela- 
tive merits of A C. and 1 bC. would 
require a paper in itself, Speaking 
about the merits of A C. and D.C. as 
mentioned in his paper, erne tiling to 
recommend A.C. was when a larvae 
field had to he covered and large 
powers transmitted. If it was desired 
to use 1>.C. down a mine and trans- 
mission of large horse powers was 
necessary, the size and cost ol eahles 
would make it prohibitive. He had 
a case in point where 0.(», 0.5 and 0.1 ft 
at 440 volts D.C. were used, and the 
power transmitted by these cables 
was very smalt. If they took a three- 
core cable, each conductor 0.1 sq. in., 
the pressure employed volts, 

and 0.S power factor, and assuming 
1,000 amperes pet sip in. and the 
same section of copper used on 
the D.C. system, the horsepower 
ransmitted on the D.C. system 
'vould bear no comparison at 440 


‘>0 h.p. Slip KinU Motor 
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volts with the horse -power trans- 
mitted on the A.C. sv>tem at ,4,500 
Volts. 

D.C. motors appealed to be mole 
in favour with some people owing to 
having much better starting toiqms, 
ami being in a position to vaiv the 
speed step by step, while others ob- 
jeeted to them on account of the 
spaiking on the commutators. A 
D.C. motor for use in-bye was gener- 
ally enclosed in what one termed a 
lhime tight enclosure, and if there was 
anv i isk of ignition ol coal dust or 
gas, one motor was just as dangerous* 
as the other. Providing they were 
not in a lhime tight enclosure, it mat- 
teied not. whether they were A.C. or 
D.C.. while in respect ol being aide 
to vaiy the speed step by step, and 
having better starting torques, of 
course D C. was much to be preferred 
over A.C. At the same time, he 
understood that there were certain 
types of A.C. motors, known as 
cascade nfotois, on which they could 
have certain and predetermined 
speeds, though they could not get 
the step-by-step increase in speed 
with the same efficiency that they 
could get. by means of the D.C. 
motor. Of course, each system had 
its merits and demerits. Generally 
speaking. D.C. systems seemed to be 
preferred for tramway working, al- 
though they Belied in many cases 
upon high tension A.C. systems to 
sub-stations from which they gener- 
ated D.C. current by means of rotary 
convertors or other such apparatus 
to supply the tramway feeders, lvvi- 


dcutly most engineers considered that 
a much better proposition than trying 
to run the trams on A.C. supply 
direct. 

As to the great reserve of power re- 
quiied for an A.C. plant, that would 
be nioic or less true if people worked 
their plants at a low efficiency. If 
they found plants working at 0.4 
] mwer factor when others were work- 
ing at 0.05, one could easily under- 
stand the necessity of a reserve, when 
large wattless currents had to be dealt 
vvith # and if one found this kind of 
thing he would naturally have the 
impression that there was some mis- 
management somewhere. This con- 
dition of things tumid, of course, be 
eliminated to a great extent by in- 
stalling motors that were not too 
large for their work, and if it was 
really necessary that motors should 
be installed large enough for future 
extensions, they would have to adopt 
other means that he had mentioned 
earlier to bring up t licit power factor. 
If they could keep a reasonable jwiwer 
factor he could not see that there was 
very much to worry about from their 
point of view, and he did not see why 
an A.C. plant should not be as efficient 
as, or more efficient actually than, a 
D.C. plant, taking into consideration 
the transmission losses and the cost 
of copper in D.C. working as com- 
pared to A.C. working. Therefore! 
all considered, lie would say that an 
A.C. plant, well maintained with a 
decent power factor, was a very 
much more efficient plant than a 
D.C. plant. 
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Notes on Compressed Air 

Ity 1>. II Ct’RRKR RRIGOS, M.A. (O\on) 


I DO not propose in this short 
paper to enter into any tech 
nival details, hut simply to 
place on record the results of 
practical tests and observations 
with the view of drawing fur ’flier at- 
tention to, and perhaps preventing 
the present widespread waste and in 
ellicieney in,*tlie use of compressed 
air for coal- mining purposes. It is 
as sale a means of providing power 
as can he adopted at the present time 
The only real danger is that with an 
oil of low flash point the heat of the 
air in the air cylinders has been 
known to produce partial combustion 
of the lubricating oil, whereby a small 
proportion of carbon monoxide might 
be emitted with the eompiessed air 


from the machines, thus causing po 
tcutial danger to life. *lt it be ad- 
mitted that it is necessary to use 
power of this kind, it must, of course, 
• be employed as cheaply as may In- 
consistent with ellicieney. There are 
several ways of doing this which will 
natuially occur to every practical 
engineer first, by the cheap pro- 
duction of compressed air by means 
of such power as mixed pressure tur- 
bines and rotary or high speed com- 
pressors, or gas-driven compressor 
worked on waste or coke oven gas ; 
and secondly, by the most ligid 
supervision not only of the com 
pressors, but ot tlu- whole of the 
plant using, as well as conveying, the 
compressed air 


(lompreasors 

* The compicssors themselves, if in- 
stalled by a reliable and up-to-date 
maker, leave little tor the colliery 
engineer to* do beyond supervision 
amfthc carrying out >»t oidinary run- 
ning rcpaiis. \Vi4h regard, however, 
to the accessories g , lccciveis 
these might be made to solve several 
useful purposes besides giving a means 
of “ capacity ” ; for instance, receivers 
could be uscij^ns air coolcis and water 
extractors. The beat could be ex- 
tracted from the air by passing water 
along tubes lixed through old boilers 
(assuming these ate used as receivers), 
when the water carried in the air 
would be deposited in the bottom of 
tin* shill : t nil mold Ik* let oil V)V 
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means ot an automatic trap .similar 
to a steam trap. The absence of water 
in air mains is, ot course, essential to 
the maintenance of good joints. It 
mu;ht even he possible to extract tin* 
moisture from the air by drawing it 
through t rays ol anhydrous calcium 
chloride, which can lie used satis 
factor ily as a dehydrating agent. The 
calcium chloride thus saturated could 
be dehydrated by passing superheated 
steam through tubes laid in the trass, 
while leaving the tank or box open 
to the atmosphere, as this compound 
readily gives up its moisture at the 
reasonably low temperature of about 
b‘10 deg. C. It air drying and *' afte r 
cooling ” ate resorted to, the air is 
produced in the best form for use .is 
an agent for the transmission of 
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Pipe Lines and Receivers 

These arc a fruitful source of waste 
and trouble, as joints arc not easy to 
keep in the best possible state, owing 
to the movement of floor and sides and 
the action produced by water on tjie 
joints. It is necessary to have re- 
ceivers lifted at suitable intervals 
alnib; all air mains, with water-ex- 
tracting traps attached working auto- 
matically ; and it is also desirable to 
insfal pipes ol the largest diameter 
possible, so as to reduce tile velocity 
ol llow and thus avoid pipe friction. 

It is needless to remark how im- 
prudent it is to endeavour to deter- 
mine the leakage on a main by casual 
obsci vat ions. Nothing short of sys- 


tematic observation can give the 
efficient result required. A simple 
test of the Mate of the mains in usi 
can be made by running up the 
pressure in the system to its pre 
determined height, and, when no 
machines are working and all “ gate- 
end valves are closed, after allow- 
ing the pressure to die away to 
atmospheric pressure, to note the 
time taken. The test can be auto- 
matically taken by using a register- 
ing pressure gauge, which will show- 
by the time taken whether anv fault 
or deterioration has occurred in the 
mains since the last test. 

Care of Air Mojtors and • 
Engines 

Air-driven engines are often kept 
at work long after they should have 
gone into repair shops, not because 
they fail to work satisfactorily to 
outward appearances, but because 
they are consuming a quantity of air 
that would pay for a fitter’s time 
many times over. To prove this 
point, tests were made on a few' air 
engines, such as coal cutters and 
small haulages, with the results in- 
dicated in Table I, which show the 
very variable quantities of air used 
by similar machines. In all eases the 
coal cutting machines took a (> ft. 
cut, and were presumed to be work- 
ing under full load, but no method 
was available for testing the brake 
horse power given. 

In order to show what a great effect 
tlie maintenance of air pressure lias 
on file work done by engines, I have 
carried out a number of tests on a 
two-cylinder (8 by 12 in.) hauling 
engine with varying pressures, taking 
readings of the b.h.p., i.h.p., pressure 
at the stop valve, and eu. ft. of free 
air consumed per minute. These are 
given in Table II, and show respect- 
ively the i.h.p. and b.h.p. plotted 
against eu. ft» of free air per minute 
and the same horse-powers plotted 
against the air pressure in lb. per 
sq. in. 


power, and, in addition, some portion 
of the heat energy usually wasted 
would be imparted to the water for 
boiler feed purposes to give it an 
initial rise in temperature before 
entering the feed water heater, 
thus being not entirely lost, as is 
so olteti the ease. Further, there 
would be no need to instal ad- 
•ditioiial pumps, as the present 
feed pumps would be capable k of 
effecting the necessary’ circulation of 
cooling water. 


TA HI, I! II. 

Test oi 8 uv 12 jv. main- and -Taii. Hn.’i 


A.r pressure. 



ll. per m| 

in *• 

I l. p 

It D p. 

:‘o 

Sli.1 

HI.) 


l 4 INI 

-V7S 

40 

20 2 2 

1 1 27 

4d 

2U0.S 
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L'u. ft per 


I”, Hirielirv 

Cu ft per 

min . per 

per rent 

min 

b.h.p. 


.480 


4 1 .42 

4 do 

77 s 

dd.f.H 

•480 

42 d 

"•7.24 1 

.">70 

:u.o 
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Tabu-; in 

Results ok Tests on S # \iaj.i. Hau.aok: 


1 N D 1 A 


Mam ami tail : 
Do. 

Main-alul-tail : 

Do. ... 
Main -ami-tail : 
Main-amt tail : 
Do. 

1 )o. 

Main ami-tail : 


Description of engine. 

V - 

air-turbine 

2-cv!. double-acting is 


l Dt test) 
(-ml test) 
I- in I ... 


2-ryl. (A 
turbine 


S in | 


2 cvl. double acting (S 12 m2 


OIM-S n\ 

Til!-; Sr kT u 


Cu ft 


t 

Cn tt 

of air 

B h P ! 

of air 

per min 


|ht 1 . h p 

A 2 o 

0 1 

SA 24 

4 so 

S 0 

00 on 

A 10 

0 1 

70 To 

000 

H a 

To AS 

4 ti 0 

2 1 

1 ts 4 (» 

220 

<i 1 * 

.’ill oo 

200 

71 * 

Ao To 

4 . so 

: 7 A 

04 00 

000 

1 7 J*A 

22 42 A 


it a tmu[>c*iatuiv of 7o deg. V. ami a 
pressure nl .’{0 lh. per s«| in. 

In order to show that the company 
has tried to make 1 use of the results 
oi these experiments, it might In.* well 
,1° mention a few of the alterations 
which have been made to the plant 
in connection with which these tests 
have been taken. 


. These figures show clearly that the 
internal losses *nf an engine are con- 
siderable, and that if tfie supply 
pressure is allowed to fall for any 
reason until it comes too near the 
pressure necessary to overcome no 
load losses, the work done by the 
engine is greatly reduced, in which 
ease the haulage would be almost at 
a standstill. It is therefore of the 
greatest possible importance that the 
supply pressure should be well main- 
tained. 

Further b.h.p. tests have been 
made on the surface on small haulage 
engines before they were sent down 
the pit, and these have proved very 
instructive by showing the ratio of 
eit. ft. of free air per minute to b.h.p. 
given l»v various types of engines. 
The result of these tests is recorded 
in Table III. 

Test of Pumps . * 

The overall efficiency of com- 
pressed air is known to be low, but it 
is not generally realised how low it 
really is until tests have been carried 
out in practice. At this stage it is 
convenient to give details of a test, 
carried out on an electrically-driven 
compressor working an underground 
pump (Table IV), the result of which 
shows the actual efficiency obtained. 
The main instruments used in these 
tests are simple and ine.xj>ensive when 
compared with the valuable informa- 
tion obtained, namely : (<<) a pressure 
gauge, ( b ) a thermometer, and (c) an 
air flow meter. The meter is of the 
swing gate type, and tht angular 
displacement of the gate is* the 
measure of the pressure due to the • 
velocity head or rate of flow. For 
practical purposes this meter is suffi- 
ciently accurate for pit use. 

The great advantage of this meter 
is that it is yasilv portable, it rarely 
gets out of order if handled with 
reasonable care, and it gives direct 


readings in " eu. ft. of free air p tr 
M, iu. 1 he meter is calibrated to 
give correct leadings when attached 
to a main in which the air is passing 


Mains 

Vor some wars past the size of 
both trunk and branch mains has 
b<*cn gradually increasing, and there 
an* \\y\\ cousioerable lengths of mains 
varying Imm I t to 7 in. in diameter, 
namely : I t in. mains, ,V> 1 \d. ; 10 in. 
mains, 0.107 yd. ; 7 in mains, 11,213 
> d . ; or about 13. <> miles nl mains cl 
7 in. and nvci ; whereas in 1 00!) there 
\Neie only 1 1.5 miles of pipes of all 


tabu: iv. 


T; nt m 12 nv 12 in Aik C< 


MI’IO SSi iR w< »u k i \<. 
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100 12 '» 12 tn. In <’. •»//.,, ss,.|- , i„n, i„,! a' 2 In : 

[ui huhuU. 

Power u-«d by motor. 2Ao \ . .'too amp 
Theoretical h p. of air compressor tutmim 
2l(> • I I :t • 2 2 area 22 I lb 


loo a viu , 
it 2 1 o 1 1 ■ \ 


t i v * li je 
s pet mm, 
mean pressure (. .drill ate 


Kiliciencv of motor ami air 


22. oi mi 
•ompressor 


00 li p. 


‘•Ill Itlieor, rieals 


V in. cylinder, is in. stroke, 0; in rams 
C.auge pressure. 4 1 lb. ; mean an a of cylinder 
average mean pressure fn in indicator diagrams, 2K I 0 lb pet 
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i I'mnf’. 
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Kliieiem y of pump 


12 :t:t,ooo 
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2 AM - liO 
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siz,e^. In ;m endeavour to further 
improve the air mains, a number of 
receivers have Ueri installed in all 
the trunk mains, and also in many 
of branch mains, with automatic 
water release traps. 

Pressure 

In view ot the pressure drop in coal 
cutting hose, it has been decided to 
use hose L*t in. in diameter instead of 


at intervals f or air consumption, with 
a view to bringing them out for re- 
pairs when the consumption is un- 
reasonably high, and all new engines 
now being installed are tested for 
b.h.p. air consumption before going 
down the pit, but unfortunately no 
brake gear has been designed yet for 
testing the b.h.p. of coal cutters. 

A further result of the tests made 
on the compressed air plant was to 
show that* far more efficient results 


The cost of tlic necessary instru- 
ment^ with which practical tests can 
be carried out is not excessive, and 
there seems to be no reason why 
every colliery which uses compressed 
air in any quantity should not be* 
equipped wfth an air consumption 
meter of the right kind (for every 
electrically-equipped colliery has its 
own “ ohm ” meter) and have tests 
made just as regularly and systematic- 
ally as is done in the case of insulation 


I 



j 

i 


the usual 2 in. hose, and some of the 
larger hose is already at work. The 
ordinary pressure gauge at the power 
station has now been supplemented 
by a registering pressure gauge so as 
to show the manager the state of his 
pressure throughout the hours. 

Engines 

A system is being put into opera- 
tion of testing haulers and coal cutters 


could l>e obtained by driving the 
main shaft pumps bv electricity, 
these pumps were great air users, 
and by changing them over to elec- 
tricity a good supply of air was liber- 
ated for use farther inbye. Sitfiilar 
changes were made with regard to 
large haulages, which were converted 
either to surface steam-driven main 
ami tail haulages or to endless rope 
gears connected by a strap rope from 
the surface. 


tests of electrical machinery. The 
only reason— if it be a reason for this 
neglect— is that with compressed air 
no danger results from leakage losses, 
but this is not so with regard to elec- 
tricity, and therefore an Act of Parlia- 
ment was necessary to enforce safety 
measures. Surely an Act of Parlia- 
ment should not be necessary to en- 
force economy, particularly when the 
practice would be to our own advan- 
tage as a profession. 
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Coal Face Conveyors 

The ntcchiiniciil eoneeving of coal from i in ■ face inis nude 
great progress in nr nit. years, and av <A*sc like fnlv,i‘ /.* o 
different types of eoueevors of recent design ; one in which 
the " Shaker " princ iple is used, a Ad the other ufi’ng the 
continuous belt principle. lioth of these apparatus ate 
munufm fined hy l he Mining J'nginccri ng Co. I !d., Sheffield. m 

I * 

[lllu^tratoao i \ i.-j nh •! Mi i I In Mini.:; . - / on i -* j . c < <■. I t-i ) 


T ill'*. “ Mcco ” sfoiker con- 
veyor is suitable for con 
vcying either on the level 
or where the seam dips in 
favour of the load. The 
complete installation comprises a 
simple compressed air engine, which 
will operate successfully on pressures 
down to 10 lb. per sejmre inch, and 
which consumes 100 cu. ft. of free 
air per minute at 00 lb. pressure. 

It is iitted with a simple, quick 
reversing piston valve placed in a 
protected position at the end of, and 
lower than, the cylinder, in which 
position it is practicably immune horn 
damage tine to any tall or settling of 
roof. 

The engine can be used as a double- 
acting engine when the control cock is 
in the central position, as a single- 
acting engine when the control, frock 
is placed in either the right-hand or 
left-hand position. 

The operation of the engine when 
working double-acting is briefly as 
follows ; 

Air enters the cylinder on the for- 
ward motion, and forces the piston 
forward. As the piston, through 
the piston rod and crosshead, is con- 
nected to the side rods, these latter 
move with the piston until one of the 
side rod tappets comes into contact 
with the reversing earn, when the 
piston valve is pushed over to the 
return position and air is admitted 
to the return side of tllfr cylinder, 
forcing the piston back until the 
tappet on the other side rod come* 
into contact with the other reversing 
cam, pushing the piston over to ad- 
mit air for the forward motion. ^ 

In the case of single action, air is 
admitted to one end of the cylinder, 
the side rod tappets and cams merely 
cutting off and allowing the air to 


exhaust, and the weight of the trough 
ing being allowed to pull back the 
engine into starting position. 

The No. d engine is capable ot diiv 
ing 100 yards of trougliing, which is 
supplied in two sections — Nos. 2 and d. 

No. 2 section is for a capacity ol 
2oO doo tons per shift ; No. d foj do0, 
4(H) tons pci shift. 

The extreme height of the No. 2 
section trougliing at the top ot the 


rise of the toller palli is l It. 1^ in. 
from the floor. In the ease of No. d 
tioughing, 1 2 } in. from the floor. 

The liim also supply a huger .size 
in their No. d engine foi exceptionally 
heavy duties, but the No. 2 size is 
usually suitable for average con- 
ditions. Conveyor No. d is tlu* one 
usually employed lot gate road con- 
veying, and is capable ol taking the 
output of two No. 2 conveyors which 
may he dclivciing lioiu on cither side 



Steam Driven Conveyor working on &rrface 
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Conveyor KinUne In 11 Midland Oolllery 


of the to road. In both eases the 
stroke ean he adjusted hv a simple 
arrangement on one side rod to give 
from 2 in. to 10 in. on the trough. 


Arrangement of Troughing 

The t roughing sections Nos. 2 and It 
are supplied in 11 It. sections with 
one connecting trough per 100 yards, 
to which the engine is connected, 
either by means ot a plain connecting 
rod when the engine is placed under 
the troughs, or by connecting rod and 
cross arm driving gear when the 
engine is placed alongside the troughs. 
There is a roller path under each 
trough, and a roller operating in a 
roller frame, the action of conveying 
being to lift the troughing, running 
on tlie rollers, up to the top of a 
camel-pumped roller path, and then 
allow the troughing to slip back until 
the bump of the roller against the 
bottom of the roller path causes the 
coat to shoot forward. The roller 
path is not knocked out of position 
because the troughs are under the 


direct control of the engine, and the 
extent, of the piston rod determines 
the length of travel of the roller in tV* 
roller path. 

In single action the engine draws 
the troughing to the top of the roller, 
and then cuts off, leaving the weight 
of the troughs to reverse the engine 
by falling to the bottom of the roller 
path. In the case of double action, 
as has been explained above, air may 
be admitted on both sides of the 
cylinder, which is of great advantage 
when starting up under full load. 

The engine is placed in a con- 
venient place along the face, usually 
the connecting trough being the third 
trough from the delivery end, or, used 
single acting, the engine may con- 
veniently be placed at the. top end of 
the face, although in this |w)sition it 
is not so handy for control. When 
placed near tffe delivery end, the 
engine may be controlled from the 
gate. 

The conveyor may be used either 
to convey along the face, swinging 
the last trough at the delivery end in 


order to deliver into a tub, ob a gate 
ro<\\l conveyor ean be used, on to 
which the face conveyor delivers, and 
in some eases there are two face con- 
veyors delivering from either side on 
to a gate road conveyor. The men 
lilling off after the coal lias been 
undercut," quickly get into the habit 
of setting their props in line, so that 
upon withdrawal of the goaf timber, 
the roof will either break or settle 
down gradually well behind the face. 

I'or conveying purposes, the sec- 
tions of troughing are disconnected, 
which means simply unscrewing the 
bolts, and are threaded in between 
the pit props and placed in line, the 
underframes and rollers being pushed 
forward. ‘The engine is then pinched 
into position ; the whole operation can 
•be accomplished by four men in half 
a shift. 

v Belt Conveyor 

The “ Meco ” belt conveyor is a 
noiseless conveyor suitable for con- 
veying along the level or up or down 
ail inclination up to 1 in 4. It is per- 
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ieetly positive in action, and conveys 
equally well uphill or downhill.* 

It consists, briefly, of*the driving 
head, solid woven cotton belting, 
20 in. *broad for face work, and 20 in. 
broad for gate work, •running on 
rollers at intervals of about 3 yards 
(the rollers being supported in self- 
contained roller frames), and a ten- 
sion drum fitted with rotary brush 
for keeping clean the return belt, and 
with sling chains, adjusting screws for 
obtaining and maintaining the neces- 
sary tension. 

The driving head consists o i two 
steel side plates rigidly supported by 
mild steel rectangular frames. In the 
head are threq drums (two driving 
drums and one idler drun^, running 
on solid shafts and lilted with ball 
bearings. 


The Drive 

The drive is by electric motor of 
8 h.p. in the case of a face conveyor, 
or 10 h.p. in the case of a gate road 
conveyor, complete with starter, con- 
necting plug, and reversing switch, 
or by compressed air “Spiro” tur- 
bines, in either ease mounted on to 


one of the side plates of» the driving 
head in line with the gear box, which 
is also mounted on the same side 
plates, the gears being totally en- 
closed and running in oil. The drive 
is through the motor directly coupled 
by means of a flexible coupling to a 
worm shaft, which engages two woim 
wheels titled with equalisers, and con- 
nected by means of flanged shafts to 
pinions, which in turn engage with 
internal gears, the internal gears 
being rigidly connected to the solid 
shafts of the two driving drums men- 
tioned above. This system oi gearing 
is perfectly noiseless in action, so 
that with this type of conveyor 
any roof disturbance can be plainly 
heard. 

Usually, the faces are from SO to 
loo yards long, and the gate road 
conveyors up to 100 yards, 'flic driv- 
ing head is fixed at the delivery end 
of the conveyor, where, for starting 
and stopping purposes, it is under 
control of the loader of the tubs, and 
the speed of the belt is usually 1 00 ft. 
per minute. At this speed, from a 
20 in. belt, an output of 50 tons per 
hour can be conveyed, or, in the case 
of a gate road conveyor with a 20 in. 


belt, an output of 75 tons per hour. 
The height of the belt from the floor 
is 114 in., which is a very different 
matter to lifting the coal into a 
10-cwt. tifl). 


Length of Belting 

Lor ease in flitting, the belting is 
supplied in 25 -yard lengths, and fitted 
with patent quickly detachable fasten- 
ers. In flitting, the 25- yard lengths 
are disconnected, rolled up, and 
pushetl forward. The roller flames, 
which, as mentioned above, ate 3 
yds. apart, are also pushed into 
position, the conveyor diiving head 
and tension drum being pinched in 
position. 

The tension 'Arum is usually con- 
nected to two pit plops by means of 
Sylvesters, the adjusting screws and 
sling chains being connected to the 
Sylvesters. It has been possible in a 
2 ft. 0 in. seam for four men to flit 
this conveyor in an SO yards lace 
in 2 1 hours. The weight, of the 
diiving head, complete with motor 
oi ” Spiro ” turbine, is approximately 
20 cwt. 



Delivery End of Conveyor 
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Knulnv Kntl of llvlt t’onvi'yor 


Conveyors of both types make all 
the men on the face Ellers of coal, 
effect a tremendous saving in tubs, 
concentrate the output to one point, 
will double the output with th<? same 
number of i^en over ordinary hand 
methods, or will effect the same out- 
put with half the labour, in addition 
to which it is oidy necessary to main- 
tain a maximum of three gate roads 
in a hundred yards -one at each end 
and one in the centre,- so that the 
saving in ripping and denting costs, 
and laying of rails, is enormous. Under 
Knglish conditions there have been 
severill cases where a saving up to 
A/- per ton has been effected, and the 
production tremendously increase^ 
by the use of conveyors. 
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The Keith Mine Fan 

l!/nsh\l/:n)iy l,y ,7'/0/V\V nf Mr ssrs. />'/</; 

ni t iu Iwfroti Company,, Limited , Louden 


O UR illustration shows a 
mine fan constructed by the 
James Keith and Blackman 
Company Ltd., Loudon, for 
ventilating a colliery in 
South Wales. This fan is designed to 
exhaust 400,000 cub. ft. of air per 
minute from the pit against a static 
resistance of 0 in. water-gauge in the 
inlet drifts, and, when working under 
these conditions, it runs at a speed 
of 214 revolutions per minute, and 
requires about 500 horse power. 

Tigs. 1 and 2 show the general 
arrangement of the fan and air ducts, 
and it will be seen that the fan is of 
the double-inlet type, which is the 
usual form for all except the smallest 
siz.es. It is customary in Kngland to 
construct a part of the casing volute 
of steel plates in order to facilitate 
the introduction and removal of the 
runner, the remainder of the casing, 
etc., being practically an extension 
of the brickwork of the drifts. This 
form of construction has been followed 
in this fan, though, if desired, the 
housings and discharge chimneys of 
these large fans can be constructed 
entirely of plates. The Coal Mines 
Act (I lUl) requires that “in every 
mine in which a mechanical contriv- 


ance for ventilation is used there shall 
be provided and maintained adequate 
means for reversing the air current/’ 
and Bigs. 1 and 2 illustrate a simple 
system of dampers, whereby, at a 
moment’s notice, the fan can be con- 
verted into a hlnwing-in fan, in order 
to comply with this requirement. 

Tile overall diameter of the runner 
is 11 ft., and the diameter of each of 
the inlet eyes is 10 ft There are fifty 
blades on each side, and each blade 
is riveted by a long flange to a heavy 
steel centre plate, while the inlet ends 
are riveted to a narrow shroud-ring 
strengthened by an angle-iron spigot. 
Tile blades are curved, both the inuer 
and outer edges pointing in the direc- 
tion of rotation, and the inner edge 
being arranged so that the air enters 
it with the minimum shock. The 
centre, by which the runner is secured 
to the shaft, comprises two conical 
iron castings, which are* introduced 
from either side, and are accurately 
centred in the J^n by means of turned 
spigots. Two rows nf bolts, a number 
of which arc titled in reamed holes, 
hold the two castings together, and 
also secure the centre plate. 

The external diameter of the runner 
over the blade-tips diminishes from 


the inlets to the centre, and this con- 
struction has been adopted in order 
to compensate for the tendency of the 
air entering the eyes in an axial 
dij^ction to bank up towards the 
centre plate while it is being deflected 
radially outwards. The increased 
diameter at the inlet ends of the 
blades creates* a correspondingly in- 
creased inductive effect at this part, 
and thus ensures a comparatively 
uniform delivery of air over the whole 
periphery of the runner. Apart from 
its efficiency as an air-mover, the de- 
sign of the runner is of interest from a 
mechanical standpoint. The nearly 
triangular shape of the blades gives 
them great strength to resist centrifu- 
gal stresses, while the curvature pro- 
vides ample laternal stiffness ; so that, 
even when running at the speeds re- 
quired to, overcome the highest re- 
sistances, it is never found necessary 
,to employ supplementary internal 
stays in runners of this type. 

Referring again to big. 2, it will be 
seen that the fan has been specially 
arranged for driving from either end 
of the shaft through rope-pulleys. The 
shaft is composed of a nfiddle section 
coupled to two end sections, the latter 
being 8 in. in dian^t<?r for the greater 
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part of their length, but swelled to 
10J in. in diajncter at the pacts on 
which the rope-pulleys ye mounted. 
The middle section of the sh ift, which 
carrie® the runner, is Hi in. in diam- 
eter, but is reduced to S in. in diameter 
at the journals. 

The accurate alignment of the 
three-part main shaft, which runs in 
six bearings, is obviously of vital im- 
portance, and consequently special 
attention has been given to this point 
l'or this reason the couplings have all 
been forged solid on the shaft, and the 

i 


middle section has been so arranged from moving in a transverse direction 
that the runner can be dismantled for while vertical adjustment is being 
transit purposes, and re-erected on the made. The sole plates of the four 
site, without re-titting the couplings, outer bearings are bolted directly on 
furthermore, the bearings are all pro- to the concrete or brickwork tmmda- 
vided with double-adjustment sole- .lions; but the two inner bearings 
plates. Transverse alignment is ob- nearest to the runner, arc each carried 
tabled bv means of the screwed stops on a pair of rolled steel joists, the ends 
at the side of the pedestal, and ver- of which are built into the brickwork 
tical adjustment is made by means of of the drifts. Tin; joists are supported 
a wedge-piece operated by two lower at their centres by east iron columns, 
screws in the end bracket. s*of the sole- deigned so as to oiler the minimum 
plate ; an upper pair of screws at the resistance to the ail eiitciing le 
end are stops to prevent the bearing runner. The bearings themselves are 



Flip 2 » Plan and Elevation sections through Keith Mine ran 




Double I n let Keith Kunner, with Shuft, hrurlntfi mid Pulley 


of tlu- ring oiling typo, ami tin* length 
of tlio working suifucc, which is lined 
with white metal, is tlm-e times the 
diameter of the shaft. They are pro- 
vided with large oil reservoirs, from 
which the lubricant is supplied to the 
working surfaces by double lings. 
Special dust -washers are lifted on each 
end of the bearings to prevent the 


ingress of dust. The pressures on 
the hearings are kept much lower 
than is usual with other classes of 
machinery, owing to the fact that 
the fan must run continuously, 
year in and year out, with no more 
attention than the periodical filling of 
the oil-wells. 

In an installation of this kind, re- 


liability is, of course, of foremost im- 
portance, as hundreds of human lives 
may depend upon its working. At 
the same time very careful considera- 
tion must be g^ven to the questions 
of efficiency and durability in order 
to keep the initial expenditure and 
running costs within reasonable 
limits. 

• • 


The Diamond Goal Cutter * / 


T lllv Diamond Coal Cutter 
Co. was formed a quarter 
of a century ago, for the 
purpose of manufacturing 
labour-saving machinery for 
use in mines, and owing to the very 
large demand for this type of ma- 
chinery, the Diamond Co. claim to 
have Income the largest tnanufac- 
turers of this special type of machinery 
in the British Isle^. 

At the present time, owing to the 
high cost of labour and the shorter 
hours worked, it is most important 


that labour-saving machinery should 
be installed in collieries wherever 
possible, and owing to the very rough 
usage mining machinery is put to, it 
is essential that the very best type 
should be employed. * 

The application of machinery # to 
coal cutting renders the work of coal 
getting far les^ arduous, and conse- 
quently considerably increases the 
output per man.- In a large number 
of cases machines have worked in 
thin seams under 2 ft. thick with 
profitable results which could not 


possibly have been worked by hand 
getting. 

Coal cutting by machinery also 
enables a t rapid systematic advance 
to be jijade at the coal face, and en- 
sures increased safety for the men 
working the coal. Machine cutting 
very largely reduces the use of ex- 
plosives, and in some cases where the 
undercut is of sufficient depth, ex- 
plosives can be dispensed with en- 
tirely. Undercutting by* machinery 
- as compared with hand getting — 
enables a far larger percentage of 
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large coal to be obtained, by reason 
of the fact that a machine can nit in 
material such as fireclay or clod 
underneath the coal seam, which 
may be too hard to be removed bv 
hand labour. By this means prac- 
tically the whole seam is obtained 
in large coal. 

The early Diamond Coal Cutters 
were of the kind known as the disc 
typo, which are especially suitable 
for holing in hard ^iml dillicult con- 
ditions where the coal will stand up 
after being undercut. This type ot 
machine is made to suit both com- 
pressed air and electrical power. I he 
compressed air machines can be ar- 
ranged to be driven bv reciprocating 
engines, or, where a large potver is 
required for very dilhcult conditions, 
the machine can Ijy fitted with a 
turbine to give 40 f>0 h.|». , as shown 
in Fig. 1. 

For conditions where the root is 
not good, or where there are slips in 
the coal, that render it tender and 


liable to break up and fall immedi- 
ately after being undercut, the chain 
type machine is more suitable, and 
1 1 iv* Diamond coal cutter, as shown 
in Fig. 2, illustrates the latest, which 
has been specially designed tor these 
conditions. 

In a chain type machine the coal 
can be spragged lip close to the solid 
coal, whereas when a disc typo 
machine is used, tin* nearest point 
where a sprag or wedge can be placed 
to support the coal is from 4 ft. to 
7 ft., according to the size ot the 
cutter wheel, with the result that 
the coal or overlying strata readily 
breaks up and falls on to the cutter 
wheel and its support, causing break 
downs and stoppages. 

The Diamond chain machine is 
designed so that the jib is held into 
the cut by means of the power ot the 
machine. A further advantage of the 
chain machine is the clean undercut 
left by the cutting chain, as owing 
to the high sliced of the chain and 


the position and small diameter of 
the sprocket wheel driving the chain, 
the cuttings are largely thrown clear 
into the goaf or waste side. 

The Diamond chain coal cutter has 
been so arranged that it can be lilted 
with either a compressed air British 
spiro turbine or an electrically-driven 
direct current or alternating current 
motor. The machine can be arranged 
to be supplied with special fittings for 
carrying out heading work or for 
cutting on short faces if desired. 

Where coal is machine cut, it is 
also very important to provide means 
for getting the coal quickly and 
economically away from the face, 
and during the last few years the 
system of applying conveyors in coal 
faces and gate roads has grown enor- 
mously. Conveyors are specially ap- 
plicable for thin seams, where it is 
impossible to get tubs along the face. 

Where conveyors are installed in 
large numbers, it is found that they 
lead to a regular system of wanking. 
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The operations of cutting coal, hillin' 
off and moving over the conveyor at 
regular intervals cause the under- 
ground arrangements to Income 
organised, and the maintenance of 
roads, supply and transport of tubs 
ate arranged in a systematic manner 


for the purpose of dealing with the 
increased output ; this system leads to 
increased safety on the coal faces. 

The Diamond jiuK> n K type conveyor 
is best suited for level faces, or where 
•there is a gradient in favour of the 
load. Special cradles can be supplied 


to transport the coal against ^ a 
gradient that is not too* steep. The 
important feature of the conveyor is 
its simplicity. It is a plain trough 
without any complication suclt as 
scraper chain *>r belts which get out 
of order and cause breakdowns. 


Some- Historic Notes on a Perby Firm 

• % 


TuK lii m of John Davis & Son 
(Derby) Ltd., of All Saints' Works, 
Derby, England, has been in exist 
ence more than one hundred years, 
manufacturing apparatus generally 
for mining purposes vvliieli may he 
found in practically all parts of the 
mining world. Their mining instru- 
ments arc employed at colleges, and 
bv lecturers at the County Council 
schools, for the purpose of technical 


education, and the leading text books 
on mining engineering describe their 
productions and illustrate their spec- 
ialities. 

Davis’ surveying instruments are 
particularly well-known in tin* Indian 
Umpire, helping to make prosperous 
that great country in surveying both 
tile surface and underground. 

It might interest readers to know 
that the idea for the original Medley 


dial was conveved by Mr. John Medley 
(then one of It. M. Inspectors of Mines), 
who happened to reside in Derby, and 
was a personal friend <>f the late John 
Davis. 

This was some seventy years ago, 
and it is still the leading instrument 
for underground surveying. 

About this time, also, a Mr. benja- 
min Hiram, a prominent mining 
engineer, got John Davis to construct 


an instrument to measure the speed 
of air current* in mines. 

The “ Hiram ” anemometer is a 
text hook word, and. like the Iledlev 
dial, is still the hiding instrument. 

The present form made by the firm 
is known as the “ Davis Hiram ” and 
this is employed all over the world 
where coal mines exist. 

Amongst the other manufactures 
of John Davis & Son (Derby) Ltd., 


may be mentioned self-registering 
water gauges, ordinary yater gauges, • 
hygrometers, barometers, thermom- 
eters, mining signals, bells and relays, 
switches, electric blasting apparatus, 
miners' safety lamps (both oil and 
their new “ Da vis-Derby patent 

pillarless electric safety lamp), etc. 


A BRIEF SURVEY OF 
INDUSTRIAL INDIA 

[Continued from puge 41 1 .) 
incalculable value to the future pro- 
gress socially and commercially- of 
the country. In future articles we 
will deal, in detail, with some of the 
principal agricultural, as well as the 
commercial industries, but iroin what 
has already been written, it can be 
readily seen that India is a land of 
possibilities a country of great pro- 
ductive wealth which only awaits 
development upon modern lines to 
secure for it a leading place among 
the agricultural and industrial coun- 
tries of the world. Such develop- 
ments are already taking place, and 
the next few years should witness an 
advance which will gladden the heart 
of every friend of India, and silence 
the doubts of her critics. 

(To be continued.) 


A BRITISH PATENT 
VINDICATED 

Twelve years ago an American ship- 
building yard Ix-gan constructing ves- 
sels on a social system known as the 
Ishcrwtjod longitude framing system, 
which was designed by a British engin- 
eer with a view to improving the 
strength of ships and increasing their 
carrying capacity. As a result of this 
development, a claim was made for 
royalties by the British inventor, and 
this claim led to legal actibn, which, 
after eight years, has resulted in final 
judgment in favour of the inventor. 



Davis' New Pattern 
Theodolite 
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Mine Surveying — Some Modern Instruments 


P RLSLXT-] )A V conditions call 
tor labour-saving appliances 
in every phase of work. At 
the same time, the modern 
mining engineer considers 
accuracy in his surveys both above 
and below ground before everything 
else, and appreciates an instrument 
designed to assist him in attaining 
that end. Any device that will mini- 
mise mental* and physical labour, or 
save time, is of primary importance 
to the professional surveyor and civil 
engineer, but care must be taken to 
ensure that the accuracy of the results 
is not iti the least degree impaired, 
and by this test must be judged all 
attempts to secure greater speed or 
output, whether in the field or office. 
The selection of such a highly scientific 
and complicated instrument as a first- 
class theodolite calls for more than 
usual experience on the part of the 
purchaser, especially as the refine- 
ments regulating price must be ap- 
preciated before they can lie justified. 

To meet the demand for a well- 
designed, carefulh*made and thor- 
oughly reliable mining theodolite, 
Messrs. Cooke, Troughton & Simms 
Ltd., of 3 and 5 Broadway, SAY. I, 
and Buckingham Works, York, have 
evolved their new “ Rand Mo^lel.’ 
The special features of this improved 
theodolite have been determined in 
collaboration with leading mining sur- 
veyors at home and* abroad, and ma- 
ture experience in both field and work- 
shop has been brought to bear on its 
design. 

The principal considerations essen- 
tial to accurate surveying under- 
ground, so far as the theodolite is 
concerned, may be conveniently enum- 
erated, thus 

(a) Accuracy of Workmanship. 

The allowable limits of error in 
dividing of circles and eccentricity of 
centres have been considerably cur- 
tailed during the past few years, no 
doubt owing largely to the persistent 
work of such enthusiasts as Professor 
L. H. Cooke, of the Royal School of 
Mines, London. Such errors should 
not exceed the resolving power of the 
telescope. For instance, a teloscope 
of 1.125 in. aperature (typical of 
mining tlieodolites) will not resolve 
below about 4 seconds of arc, there- 
fore errors of the nature referred to 

■** 


should not exect-d that liguie. <)( 
course, in larger theodolites the error 
is reduced proportionally. 

Complete collimation * of telescope 
coincidence between the mechani - 
cal and optical axes in all focussing 
positions of great importance in 
mine surveying where both near and 
distant sights have to lx* taken) can 
also be secured by a lirst-elass maker 
once for all in the course of manu- 
facture. The adoption of the internal 
focussing telescope, and modem manu- 
facturing methods, practically elimin- 
ate collimation errors. This matter 
will be found dealt with in detail in 
Engineering, Yol. CXI, No. 2.SP2, 
3/0/2 1 , pages (>S0-liS2. 

With special reference to the mark- 
ing of diaphragms, or graticules, a 
well -equipped maker should be able 
to place these within 0.0001 inch of 
their theoretically correct position. 
An error of 0.0002 inch is discernible 
by an experienced craftsman in the 
collimator, and if stadia lines are to 
be used to their fullest efficiency, 
accuracy of the order referred to 



Cooke's Rand Model 
Mining TbeodoUU 


above is required in their spacing. 

{If Rigidity of both Instrument 
and in pod. 

• There is except ionally large centering 
motion to the tripod head- -about 
2j in. The wing nuts may Ik* slack- 
ened off to* allow of the legs being 
splayed without strain, preliminary 
rigging up of the, tripod being greatly 
facilitated by an hermetically-scaled 
circular “ buU’s-eye ” bubble which is 
let into the head of the stand. After 
the tripod has been satisfactorily set 
up, the clam;;*mits may be tightened, 
thereby ensuring absolute rigidity, 
By doing away with the old form of 
looking plate for attaching a theodolite 
to its tripod, and substituting a large 
diameter screw thread adapter, all 
possibility of loss between the instru- 
ment and stand on account of wear 
and tear and consequent error has 
been entirely eliminated. The trivet 
stage permanently attached to the 
foot screws will Ik* found of great use 
when tin* theodolite has to be used 
in places where a tripod cannot be 
erected. These arc* points that will be 
appreciated by all discriminating sur- 
veyors for both above and under; 
ground work. 

By slacking off sjK*cial clamping 
screws on the foot screws, the latter 
are saved a good deal of wear and 
tear, and also the labour of manipu- 
lating stiff foot screws is avoided. For 
the final adjustment these screws are 
tightened up. by doing which the 
operator has the satisfaction of know- 
ing for an absolute certainty that 
there is no loss or shake in the foot- 
screws. 

(c) Ease of Manipulation, Cleanliness 
of Circles, etc. 

The telescope is of the internal 
focussing tyjx*, which allows of the 
ends being absolutely sealed. Thus 
dust, dirt, and water are excluded, 
and, moreover, the telescope can be 
traiisitted at all focussing positions. 
Again, the method of focussing the 
telescope from end of transit axis 
removes a fruitful source of annoy- 
ance. The milled head actuating rack 
and pinion is always in the same 
position relative to the rest of the 
instrument, and it is thus under all 
conditions ready to hand and easy to 
locate when working underground 
with bad lighting conditions. This 
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arrangement \< j >;it «*i 1 1 1 , Sights down 
to 5 ft. ran t>e taken Clamp and 
slow motion m n ws have differently 
shaped heads to distinguish them by 
feel in the dark. • 

All the eyepieces and eirele readers 
are screw-focussing, the screw threads 
being protected by ellieient dust and 
dirt, excluders. The clamps tighten 
up on to the internal collars, and thus 
thev cannot become stuck up with 
candle grease, clay, etc., as the old* 
fashioned plate clamps used to. 1 he 
iootscrcws are also provided with dust 
covers. 

The removable vernier cover glasses 
are a intent boon. U’lu n instruments 
are taken into the warm and humid 
atmosphere of a mine, the glasses 
generally "sweat,” and in the case ot 
Jixed protector glasses, the surveyor 
has to wait until the nfcisture which 
has formed on the inside of the cover 
Vi hiv.es has had lime to evaporate. 
Hitherto, when attempts have been 
made by different mamifaet urers to 
make the vernier cover g lasses re- 
movable, they have not been water- 
tight nor dirt proof. By means of the 
hinged covers fitted to the Ram! 
model, the glasses can be readily 
wiped on both surfaces, without any 
fear of their falling and breaking, or 
getting lost on the tloor of the mine, 
whilst the joint is watertight atter 
being clamped down. 

When desired, a special magni'iet 
for reading the verniers from a dis 
tance can be fitted. This is an achro- 
matic doublet of 1 in. aperture, so 
arranged that the eye can conveni- 
ently read the vernier from a distance 
of U to S inches ; the magnification is 
about six for average vision, 'flic 
image is colourless, and the held is 
flat and free from distortion. 

{U) Coin Nix lurss amt Lightness. 

The conflict iny elements < »f weight 
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and st length have been balanced to a 
nicety, and the wonderful way in 
which the instrument stands up to 
nun'll usage without losing its eorrect 
adjust menl demonstrates that the 
metal has been arranged to the best, 
advantage. 

The use of the light metal. Dur- 
alumin. and the adoption of the 
internal focussing telescope, have 
enabled weights and dimensions to 
be cut down very considerably. 

A New Mining Dial 

The greater precision now called for 
in colliery plans in (ireat Britain is 
reflected in the improved mining dial 
recently placed on the market by 
Messrs. Cooke, Troiighton <K: Simms 
Ltd., Buckingham W ork-, York, which* 
they claim to be the outcome of an 
investigation extending over two 
years. 

We : i r « ‘ given to understand that 
the linn referred to, who are well 
known as makers of high -uradc sur- 


veying. astronomical aral scientific 
instruments, met with a* demand for 
a better-mack* and a better-designed 
mining dial. To elucidate the ele- 
ments governing ail ideal specification 
for such an instilment, Messrs. Cooke 
adopted the sensible plan of drawing 
c n the experience and advice of some 
of the leading colliery surveyors in 
their neighbourhood, i.t\, the York- 
shire and Durham Coalfields. They 
also received help from lecturers in 
surveying at Schools of Mines through- 
out the country. 

• The leading features of this new 
dial nm^ be summarised as follow;: : 
Yital components, such as centres, 
divided circle’s, and verniers, etc., . 
more nearly approach th£ standard of 
accuracy associated with theodolites, 
'file axes are entirely enclosed, and 
they an*, therefore, dirtproof. A 
safe instantaneous joint connects the 
tripod head with the dial, or the 
lampcup, as the ease may be. The 
levelling arrangement consists of a 
metal sphere of ample size and of 
robust section. Incidentally, it may 
be said that the plumb-bob is sus- 
pended from the centre of this ball 
where there is no motion lateral 

displacement), of course, should re- 
levelling be necessary after preliniiu 
ary rigging up of the tripod over a 
mark. 

The plain sight* and the telescope 
(the latter internal focussing, by the 
way) may be interchanged in a 
moment or two, without disturbing 
the " line of sight ” adjustment of the 
dinl. # J,ast, but by no means least, 
t he legs of the tripod are made entirely 
of metal (Duralumin for lightness), 
which removes all tear of shakiness — 
the bugbear with* ordinary wood legs 
which shrink and become loose in 
their sockets. In addition, all three 
are clamped by one screw. 


The New Paris Super-Power Station 


I NTH RUST I NO particulars are 
now to hand of the huge new 
Pari* super- power station at 
Gennevilliers, formally opened 
on the 4>th of July l;ist . and 
which will eventually be one of the 
largest power stations in the world. 
It is intended to supply power to 
the whole of the subtil bs of Paris, 


the first unit of 40.000 K.WV having 
already been at work for a number 
of months. The general scheme pro- 
pounded by the fTnion d* Elect ricite 
was the erection of one super-power 
station in Paris, with an output of 
200,000 K.\Y., .4-phase 50 ]>eriods 
0,004> volts, and the purchase and 
gradual closing down of the smaller 


stations, alreadv belonging to six 
dift erent private companies, who arc 
merged in the amalgamation. Also 
the construction of a large system of 
mains •connecting Gennevilliers to an 
underground ring main encircling 
Paris, with overhead brahehes to 
Creil, Nantes, Yersailles, Corbeil, and 
IC.nuliwu'U on page 452) 
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THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OF MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


Manufacturing Wooden Tool Handles 

In this art id i a v illustrate and <lcscnhc some of the most recent 
# nidi /lines for making various hinds of aooden toot handles. 


I X our January issue we pub- 
lished an article dealing with 
the threat variety of Indian 
timbers which are available for 
the manufacture of the many 
types of tool handles used in different 
industries. This article pointed out 
that every year India imports lacs of 
wooden handles from foreign conn 
tries, especially the U.S.A., fiom 
which country the chief imports are 
hickory, ash, and beech. The author 
then went on to deal with the different 
Indian timbers in detail, pointing out 
theii suitability for different classes 
of handles, and also recording tests 
which had been made at the Timber 
Testing Laboratory at the Forest 

Research Institute, Dehra Dun. 

• • 

Machines 

UBea ring the above points in mind, 
we have collected data from some of 
the leading British manufacturers of 
machinery for making wooden tool 
handles, and the following brief de- 
scription of some of these will give 
a very clear insight into the principles 
of the methods adopted in this class 
of machinery, and will give sufficient 
information to indicate the possibili- 
ties of such machines, and also that 
the principles involved are equally 
applicable to modifications on the 
machines described in order to pro- 
duce any particular shape desired. 
As it is only possible in the lejigth of 
one article to deal with a few of these 
machines, we suggest that those of 
our readers who require further in- 
formation should communicate direct 
with the manufacturers of these 
machines, who would be able to 
supply full particulars of machines 
for turning out any shape of handle 
which may Ik* required in quantities. 


Messrs. \Y. A. Fell 

Considering now the machines them- 
selves, Messrs. \\ . A. Fell, ol Winder- 
mere, have supplied us with the fol- 
lowing particulars regarding two ol 
their machines. The first of these is 
what the linn term their “ 42-inch 
automatic combined spoke and handle 
turning machine,” for turning light 
and heavy spokes for artillery, wagon, 
carriage and motor wheels, pick 
shafts, army helves, sledge and ham 
mcr handles, etc., up to 42 inches in 
length. The average production given 
for this machine is about two handles 
per minute tor heavy long work, and 
about four to six handles per minute 
for shorter articles. We understand 
that in turning long heavy articles 
£uch as handles for pick-axes, that it 
is possible within a few days' training 
on the machine, lor an operator to be 
aide to turn out as many as TOO 
handles per day, and when producing 
the smaller type ol handle, such as 
hammer handles, the rate may bo as 
much as 2 , 0 <MI to 2,0(10 per day. 

The actual cutting on this machine 
is done by revolving cutter-heads each 
carrying three knives inches wide, 
mounted on a strong high carbon 
steel spindle revolving at over 2,000 
revolutions per minute. A lull set 
of cutter heads and cutters are sup- 
plied with the machines, and these 
can be taken off or added to in a few 
minutes when changing from one 
pattern to another; the knives can 
Ik sharpened by an oil slip when on 
tfie heads, and they only occasionally 
need taking off the heads to be ground. 

The wood is placed between centres 
which are carried on a table, which is 
moved to and from the knives by a 
lever, the right-hand centre head- 
stock being loose and adjustable for 


different lengths of woik, whilst the 
left hand driving or spur centre is 
fixed, and, in conjunction with a 
belt and gears, turns the work slowly 
round. Any shape can be given to 
tin* work, such as Hat, oval, square, 
hexagon, octagon, by providing a 
suitable cam, and different ovals ill 
the same piece of wood can be ob- 
tained. To do this, the loose head- 
stock is fitted on a transverse slide, 
which is made to move in and out 
according to the action of cams, 
which are driven by gears from the 
work spindle. 

Centering Arrangement 

A centering arrangement is fitted 
which enables the operator to find the 
centre of the wood being turned, 
which saves the risk of spoiling work 
due to faulty centering, and enables 
much more work to be got out of the 
machine. The guard covering the 
knives is arranged to rise and lull, 
thus when the table is wit hdrawn and 
the turned article is ejected, the guard 
falls and covers the cutters , con- 
versely when the table is moved in- 
wards, the guard automatically rises 
and exposes the cutters, 'this is a 
great help, as it. removes from the 
operator any sense of danger, and 
thus materially increases production. 

A three-speed change gear is fitted 
to the wood revolving spindle, and 
this is an advantage, as it enables the 
speed of the feed to be varied accord- 
ing to the length and diameter of the 
work being produced. 

Wheif articles of irregular outline 
are required, what is known as a 
copying lathe must be used, and for 
each particular shape required it is 
necessary to have a similarly shaped 
iron model, the cutters of the machine 
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44- In. Automatic Combined Spoke 
and Handle Turning Machine 


S.W.I., for details as to necessary 
machines lor any particular work. 
This llrm conduct the whole of the 
machine makers' overseas trade. 

Considering, now, some of * the 
machines manufactured by Messrs. 
Thomas White & Sons Ltd., of 
Paisley, the following data has been 
supplied by this firm regarding three 
of their special machines for pro- 
ducing different classes of wooden 
handles. 

Taking file and chisel handles, and 
similar small work, the 10 in. by 3 in. 

* variety, lathe is the machine the firm 
recommend for this work. It is 
largely used in the Birmingham dis- 
trict, and with a competent operator • 
a production of 24 gross per day has 
been produced. This the firm look 
upon as being extremely good. The 
wood is placed between the centres, 
and as the handle is rotated, the small 
front saddle travels along the bed, 
and in it is held a chisel which oper- 
ates up and down, similar to the 
action of a hand turner’s chisel, but 
the action is regulated by a tem- 
plate or gauge plate carried on the 
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Articles mutlc on above Machine 



following the shape of this iron model 
and reproducing a similar shape on 
the wood operated on by tlu* cutters. 
This class of machine is relatively 
slow in output, compared with the 
previous machine described, and the 
finish of the article is not so dean or 
smooth, but these disadvantages have 


to be sacrificed where an automatic 
machine is used *fo produce handles 
of irregular shape. 

Readers who wish to have further 
information regarding this firm’s 
machines should apply to Messrs. 
White, Child & Beney Limited, 
Broadway Court, Broadway, London, 


front of the machine, so that the 
handle is roughed out true to the 
shape. At the same time the slide 
which is fixed at the rear of the 
machine comes through, and as this 
carries a tool shaped out to the 
handle required, it gives a finishing 
cut and leaves the handle smooth. 
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As soon as the ’saddle [has [traversed 
sufficiently far to tile left, the opera- 
tor lets go tile handle, and the saddle 
is automatically returned to the 
starting position. This disengaging 
motion forms a patent on the machine, 
and among other improvements, the 
firm have now got a method whereby 
on completing the roughing stroke, 
the roughing cutters are lifted clear 
of the work, so that when the saddle 
is returning they do not come in 
contact with the wood, but as soon 
as they reach the starting position 
they are disengaged again, and drop 
into the position ready to start 
roughing the next handle. As stand- 
ard equipment they also include a 
. revolving tail centre, which prevents 
the end of the handle being burned 
while it is being turned. '* 

The automatic oval spoke and 
handle turning lathe is used for the 
turning of pick and hammer shafts. 
It can also be used for round handles. 
Its main advantages lies in oval work. 
At one time it used to be customary 
to turn these axe and hammer handles 
by means of copying lathes, but in a 
copying lathe the cutting is done by 
means of gauges, with the result that 
the operation is not only extremely 
slow, but the handle is left rough, 
requiring a considerable amount .of 
sanding on the sand belt. With 
the oval lathe the action is as 
follow .* : — 

On the rear spindle cutters are 
mounted on cutter blocks to corics- 
pond to the total length of the 
handle being turned, and the^ arc 




revolved at a high rate of speed. 
The wood is placed in the centres on 
the front table, and as the table is 
brought into contact with the cutters,^ 
the wood revolves slowly. In re- 
volving, this action is controlled by 
means of cams, so that it revolves 
to and from the cutters, taking the 
profile off whatever oval is on the 
cam fitted to the machine. A separate 
cam arrangement controls the tail 
centre, and likewise a separate cam 
arrangement to the swinging cutter 
head. It is, however, possible to work 
in these ovals in such a way that, as 
for example in the case of navvy's 
pick shaft, the three ovals can be 
controlled on one shaft, that is, the 
oval on the eye, the oval at the neck, 
and the oval at the end. On a 12-inch 
hammer shaft, we have known of 
one gross of these being turned per 
hour. 


Variety Turning Lathe 


Th<n. White &~Soiu Uti. 
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Back Knife Lathe 

The 4>ack knife lathe is used for 
work longer, than 12 inches, as it 
enables a steadinient to be used for 
supporting the work, and at the Game 
time gives an automatic feed to the 
saddle. In general action it is 
similar to the 10 in. by 3 in. variety 
lathe, with the exception that the 
finishing knife, in place of coining in 
horizontally, comes in vertically, in 
the form of a guillotine. This machine 
can be used for turning work as large 
as 0 in. square, or dining-room table 
• legs and similar work. 

V 
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Engineering in Bacon Factories 

lly W. A. TOOKEY, M.f.Mcch.K. 

Paper read before the Junior Institution of Engineers, London.. 


jk T the present time a consider- 
able amount of dcvelop- 
LJk meut is taking place in 
JL J L. the bacon curing industry 

throughout the country, 
and, this lining so, no apology is 
necessary in presenting a paper on 
Knginecritig in Bacon Factories.” 
It will be seen, as the treatment of 
the subject progresses, that the en- 
gineer is much in evidence, and his 
responsibilities are great, having re- 
gard to all the various processes 
involved in the utilisation of every 
part of the pig '* except the squeal.” 

A certain recipe which has become 
a classic began with the words, “ First 
catch your hare,” and in bacon fac- 
tories the first thing is to catch your 
pig. Any expert bacon curer will 
soon disjKise of the fallacy Jield by 
the uninitiated that any and every 
pig is lit for bacon, but as this fact 
possesses no engineering interest, time 
will not be spent in expatiating upon 
the beauties of a well-grown bacon 


pig not so much from the aesthetic 
as from the physical, industrial and 
commercial standpoint. It will there- 
fore he assumed that the right breed 
and weight of pig has been secured, 
and is already in the sty. 

Catching Pen 

The animals are brought to the 
” catching pen ” as required, and a 
chain sling is secured round one or 
the other hind leg. The other end of 
the sling is then attached to a lifting 
appliance, and the animal is slowly 
but inexorably elevated until the 
hook is engaged with an overhead 
rail, the pig then hanging lu;ad down- 
wards and in this position being able 
to contemplate, the bird’s-eye, dr 
rather pig’s-eyTg view that then pre- 
sents itself. Indeed, it is just possible 
that his quiescence is due to breath- 
less expectancy of the immediate 
realisation of a long foretold event, 
and he awaits further thrills from 


this, his first elevation towards the 
upp< x r legions. 

Before he li^s time to develop 
swelled head from his exalted position 
in life although the blood pressure 
in that part of bis anatomy is no 
doubt increased, he is pushed along 
the track rail and is “ stuck." The 
blood pressure, is immediately re- * 
lieved, and observation shows that 
the pig is stunned by the sudden rush 
of blood, and life ceases within a very 
few seconds. For proper curing it is 
important that all blood should be 
drained from the carcase, and for 
this reason mechanical and so-called 
humane kilters, which first stun the 
animal and thus stem the blood 
circulation, are unsuitable, as well as 
unnecessary, for pigs. 

A push along a downwardly in- 
clined rail traverses the pig through 
the bleeding passage the blood being 
drained off for subsequent, treatment * 
— to the entrance of the slaughter 
house proper. Here the carcase i9 
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lowered from the elevated track to 
a scalding tank, in which it is im- 
mersed, beiftg turned over and over 
until the pores of the *kin have been 
so far opened that the hair on the 
ears*, etc., can readily be pulled out 
with the fingers. Thitaniuiul is then 
lifted from the scalding tank by 
means of a cradle, which deposits him 
on to a scuttling table for the process 
of dehairing. in the larger factories, 
where expedition is essential, machines 
are used for this purpose, as will be 
afterwards described, but. even so, 
the removal of hair from the animal 
is finished off by hand. Subsequently * 
the carcase is again lifted on to the 
overhead track and passed along to 
• the singeing machine. In this ma- 
chine the anfmal is exposed to Haines 
which burn oil all remaining bristles 
and hardens the outer surface of the 
skin. The whole process of singeing 
is over in fifteen seconds, and the 
carcase is then pushed along under 
sprinklers, the water from which 
carries off the heat: in the toughened 
skin from the singeing process. 

The next operation is cleaning off 
all the dirt and sediment resulting 
from singeing, the carcase being 
passed along the track and being 
handled by various operatives who 
each has his particular job, before 
coming to the part, of the overhead 
track which is called the disembowel- 
ling rail. • 

Here the carcase is dexterously 
laid open down the front from the 
hind quarters to the base of the neck, 
and all the internal organs removed. 
In a well-equipped factory tfi« de- 
partments called gut room* offal 
room, bladder room, and lard room 
are dose handy, in each of which 
auxiliary processes *are carried out. 
Subsequently two cuts are made from 
tail to neck on either side of the back- 
bone. The animal is then weighed on 
an automatic machine without leav- 
^ ing the track, and after the weight 
has been stamped on*the carcase and 
entered in the log, the carcase passes 
to the hanging room. There the back- 
bone is entirely cut out, and the 
animal- now in two sides joined only 
by the head is left until all the 
animal heat has txen dissipated, and 
the whole carcase is at #r about the 
prevailing atmospheric temperature. 
In the hanging room the heads and 
feet are cut off and passed along for 
further treatment, and the piece of 
flesh inside of the ribs called the steak 
is detached and passed to the sausage 
department, or sold separately, as 
may be Required. Branding is fre- 
quently done in the hanging room. 


Chill Room 

From the hanging room the uncured 
sides are passed into an insulated 
chamber known as the cftill room, 
wherein they are chilled from the 
temperature of the day down to # 
MS degrees Fall., thermometers being 
placed in certain of the carcases and 
particular parts of the animal, so 
that the pioeess of chilling is thus 
proved. This is of the greatest im- 
portance, as " curing ” dbtnands care- 
ful attention to temperature. 

The chilled sides are subsequently 
passed into a second insulated cham- 
ber called the curing cellar, for either 
“ wet ” or “ dry ” curing. 

Pry cure is carried out by stacking 
the sides eight or ten deep on oak 
boards, with dry salt covering the 
Hitch, oak boards being put between 
each side, and certain precautions 
being taken to obtain the desired end. 
This process is not in itself a matter 
of engineering interest, and will 
therefore not be described. 

In the wet cure the sides are im- 
mersed in pickle tanks, and this pro- 
cess invok es the use of pickle pumps 
for filling and emptying the tanks for 
circulating the brine to an elevated 
brine tank, and for the mixing of 
green pickle with red pickle, main- 
taining the requisite degree ol salt- 
ness, and for keeping the whole in 
good condition. 

From the curing cellar the sides ol 
bacon arc taken into the baling room 
for packing and despatch, and in 
every factory there is another de- 
partment where the sides are smoked 
in special smoke stoves. 

This brief epitome of the various 
processes will suffice for giving a 
general idea of the production of 
bacon in factories, and attention will 
now be given to the engineering 
features which every such factory 
possesses. 

Taking the points in order, there 
must be ample supplies of hot water 
for scalding, effective system of over- 
head track bars, copious storage of 
cold water for sprinkling and wash- 
ing down ; a suitable sewage disposal 
system ; ample power for the re- 
frigerating plant ; an effective system 
of illumination for the chill room and 
curing cellar, where no daylight is 
permitted to enter ; an adequate 
western of ventilation and circulation 
of air by means of fans in various 
parts ; machinery for dealing with 
the plant for 1 the preparation of 
making lard and sausages ; the prepar- 
ation of poultry food from the blood 
and “ digested ” flesh and bones, etc., 


etc. Kaeh of these could well form 
the subject of a separate paper, and 
all that eifn be done in the case of the 
present lecture is to give certain 
examples, such as have been under 
the notice of the author in connection 
with factories in which he has been 
engaged as consulting engineer. 

Styes • 

The simple form of sty is one in 
Ivhich there is little engineering in- 
terest, but in some bacon factories 
the gates are double binged, that is 
to : ay, they may be opened to swing 
nof only inwards or outwards, but 
also from either Wie right or left hand, 
thus permitting expeditious handling 
of tlu* pigs either when entering or 
leaving the styes. In some factories 
the pigs are made to ascend a slope 
to tlu* cat chi 4); pen, but in others the 
whole factory is laid on the level, 
excepting the loading platforms. 

l’ift Hoist 

The elevation of the pig in the 
catching pen is effected by different 
means, depending upon the size of 
the factory and the number of pigs 
to be dealt with in a given time. In 
the smallest factories, chain block, or 
even rope block tackle is used. In 
others a hand wall hoist is installed/ 
so that one man only can do the 
lifting, and in larger factories it is 
usual to have a continuously running 
machine to which the sling chain 
around the hind leg of the animal 
can be attached, thus calling for no 
human power in the actual lifting. 
There are two types of continuous 
mechanical lifters, one is that in use 
at the St. Ivlmundsbury Co-operative 
Bacon Factory at Ulmswdl, Suffolk. 
This is an elevator of the chain type, 
with projections to which the hook 
or ring of the leg chain is attached. 
The motive power is obtained by a 
small electric motor, and the delivery 
of the live pig on to the overhead rail 
is quite automatic, as the elevator is 
so arranged that at its highest point 
engagement is made with the track 
rail, the pig being left suspended 
while the projection on the elevating 
chain returns again to ground level 
ready for the next animal. In some 
large factories a pig wheel is often 
used this being a circular plated disc 
having four projections at 90 degrees, 
to whijli the leg chains are attached. 
The operator hooks the loop on to 
one of the projections, and the pig is 
thus deposited on to the track rail. 
The wheel can lx* made two-sided 
when dealing with an enormous 
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quantity of pigs. The men in the 
sticking stye have no difficulty in 
keeping the supply of pig* coming 
forward just as fast, or a little faster 
in fact, than the slaughter hou^e staff 
can deal with them. Much depends 
of course upou the original planning 
of the lay-out, and the proper co- 
relation of the various operations. 

• The Klmswell factory was originally 
planned for 750 pigs per week. It is 
now dealing with well over 1,000, and, 
extensions are in hand for twice this 
number. 


Tracking 

The type of tracking varies in 
different factories. In those in which 
pigs only are killed, the usual hog rail 
is made from round b;u iron about 
1} in. diameter, supported at every 
two feet or so by cast-iron brackets 
from overhead joists. The switches 
are hinged, the switch itself being let 
into the forked ends of the main bar 
and swinging on a pin forming the 
hinge. The other end of the switch 
19 shaped in the form of a mortise, 
and fits snugly, so that the hook 
carrying the animal as it passes along 
the rail meets with no projections, all 
joints being made 44 down the track.” 

Another type of tracking is rect- 
angular bars of about 4 in. deep, 
} in. thick, the top edges being 
rounded, and the supporting brackets 
being bolted in the lower half of the 
depth. Care is, of course, necessary 
to leave one side of the whole track 
bar free, aud all switches should be 
easily operated. 


Scalding Tank 

The scalding tank is usually an 
iron cistern with steam coils at the 
base, carefully arranged to provide 
efficient drainage. The end of the 
coil is trapped, and is usually fitted 
with a valve to short circuit the trap 
when first starting up. 

The cleaning machine is one ex- 
ample of many, and has the ad- 
vantage of occupying little space, 
while dealing with eighty pigs or so 
hourly. The water sprinklers and 
the pig revolving mechanism are 
against the roller knives. 

From the scuttling table the pig is 
no longer slung by one leg, 1?ut the 
hocks are slit, and a gambrel passed 
through. At the centre of the gam- 
brel is the hook which engages on the 
track rail. 

In the Elmswell factory the pig 


leaving the scuttling table is lifted 
to the track tfiechanically, and the 
track itself is lifted slightly, so that 
the pig is made to slide along the bar 
by its own gravity to within a few 
feet of the singeing furnace. It 
Should be noticed that at this point 
a switch in the tracking is usually 
provided, as the animals intended for 
pork rather than bacon, are not 
singed, but passed straight forward 
to the disembowelling rail. 


Singeing 

For the singeing process there are 
many types of machines, coke-fired, 
gas-fired, oil-fired, horizontal, ver- 
tical ; brickwork settings, ironwork 
settings, gas - fired saddle - shaped 
shields, and even the simplest form 
of plumbers' brazing lamps. It is 
intended to describe the oil-fired 
furnace, and this only very briefly 
and generally. 

The singeing furnace as installed 
at Klmswell consists of two firebrick- 
lined wrought-iron shells, standing 
vertically from a platform carrying 
the oil burners. The two shells are 
drawn apart by one lever, and the 
pig is pushed into the centre against 
a stop by another lever. Reverse 
movement of the first lever then 
brings the two firebrick shells to- 
gether in close quarters around the 
carcase, and at the same time the 
oil burners, fed with pulverised resid- 
ual oil by the pressure of dry steam, 
shoot the flames upwards from the 
platform right through the vertical, 
casing, a cowl and chimney carrying 
off the products of combustion. 

Another movement of the operating 
handle parts the shell, the pig is then 
pushed mechanically out of the furn- 
ace and underneath the water sprink- 
lers on the exit side of the machine. 
Another animal takes its place in the 
furnace, and the operation is repeated. 


Water Sprinklers 

The water sprinklers call for little 
comment — they are merely metal 
containers perforated on the under 
side, and the sprinkler close to the 
furnace is usually of sufficient length 
so that two pigs can be drenched at 
the same time. Further along the 
track bar oth df sprinklers are used, 
one for each animal, so that the 
process of cleaning can be carried 
out, the water washing away all the 
dirt loosened by the hand-operated 
scrapers. 


The process of disembowelling is 
passed over as presenting no engineer- 
ing interest. 

(To tfc continued.) 


THE BENGAL-NAGPUR 
RAILWAY 

Presiding at the 64th annual general 
meeting of the Bengal-Nagpur Rail- 
way Company Limited, on November 
2nd, Mr. Robert Miller was able to 
give a favourable account of opera- 
tions during the year 1921-22. The 
gross earnings for the year were 
Rs. 677 lakhs, an average of Rs. 482 
per mile per week and Rs. 5.63 per 
train mile, the highest on record, while • 
the expenditure was Rs. *4,84,29, 146, 
thus absorbing 71.53 of the gross 
earnings. The total number of pas- 
sengers carried increased by 1,198,909, 
or about 6 per cent., but the amount 
received was less by Rs. 2,79,659, or 
about 1£ per cent., the decrease being 
attributable to a decline in long lead 
traffic. On the other hand, goods 
traffic declined by 106,507 tons, or 
about 1J per cent., but the freight 
revenue increased by Rs. 10,13,218, 
or 41 per cent. The increase in work- 
ing expenses is attributable to the 
continued rise in wages paid and the 
comparatively high cost of materials, 
and, principally, 1 q more broad gauge 
engines and wagons having been re- 
paired. Taken all in all, the Report 
is by no means unsatisfactory, and 
it is confidently expected that better 
results wjll follow from the current 
year’s operations. It may incidentally 
be mentioned that the Bengal-Nagpur 
line object to the wagon pooling 
arrangement, on the grounds that 
their goods wagon stock is maltreated 
on other lines, and consequently calls 
for extensive repair on reaching the 
home line. The Indian Railway Con- 
ference Association have, however, 
extended the wagon pooling scheme 4 
for three years. Mr. Miller also 
pointed out that the Bengal-Nagpur 
Railway receives most of its revenue 
from the carriage of coal and minerals, 
and from agriculturalj)roducts. With 
regard to coal, he was able to say 
that great progress had been made 
in opening out the Karanpura and 
Talchir ^coal-fields, and in this con- 
nection a branch line from Cuttack 
was being built. The opening of the 
Talchir coal-field, he added, would 
be particularly useful, as this coal- 
field was situated some 250 miles 
south of the Bengal coal-fields, and 
would provide cheaper coal for work- 
ing the southern section of the railway. 
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The Lincoln Automatic Arc Welder (H) 

The following article is a continuation of that appearing • 

# in our February issue and the references to the machine 
parts refer to the illustrations in the February issue. 


A N end view of the clamping 
arrangement for longitudi- 

L nal seams is shown in 

iX Fig. 5. 

A i and A* are chrome 
nickel steel bars designed to work on 
a swivel at one end, and arranged 
with a cam* and lever arm to exert 
necessary pressure for bringing the 
work into close contact with the 
supporting becl. Bi and B 2 are 
longitudinal copper lingefs serving 
the two purposes of gripping the 
work and assisting in dissipating 
excess welding heat. C is a copper 
plate introduced bent at h the seam 
to be welded, serving to prevent the 
molten metal adhering to the support, 
and also to act as an additional cool- 
ing medium for the water-cooled 
columns 1). K is also of chrome 
nickel steel, and is used for assisting 
the support of the work in hand. G 
is an angle iron arm extending from 
the supporting column of the auto- 
matic attachment, and at light angles 
to it, while F is a secyon of a circular 
item set up and clamped and ready 
to be wielded. 

It is necessary to employ the 
clamping and cooling apparatus in 
conjunction with the welder, in order 
that the thinner metal will not •col- 
lapse under the intense heat of the 
carbon arc, and to carry off that heat. 
The damps also servg to retain the 
work in a fixed position, and prevent 
any chance of buckling on thin plates. 
In addition to the compression offered 
by Ai and A 2 , they also play a small 
part as barriers in protecting the 
carbon flame from possible fluttering 
and whipping about, due to stray air 
currents. 

When head seams are to be welded 
on such circular items as oil drums, 
range boilers, kegs, etc., the longi- 
tudinal clamp is dispensed with, and 
a turntable employed for revolving 
the work beneath the arc. *This piece 
of apparatus for all intents and pur- 
poses resembles the turning device on* 
a boring mill. The table is supplied 
with a clamp and adjusting screws for 
bringing the surface to be welded into 
the path of the arc. A J h.p. motor 
drives the t$ble at the desired speed, 
and speed control is effected through 
two worm gears, one with a gear 


ratio of 80 to 1 twelve pitch, and the 
other 100 to 1 ten pitch. The speed 
control on the motor is made through 
a rheostat, and any desired speed 
from 1,750 r.p.m. to 3,000 r.p. 111 . can 
tje had at will. The minimum speed 
of travel on the turntable is one turn 
in eight minutes, and the maximum 
one turn in two minutes. 

The above covers the various pieces 
of apparatus necessary to weld lx>th 
flat seams, lap, flange, or butt and 
head seams, when two or more thick- 
nesses are to be joined. 


Starting his working day on manu- 
facturing, say, for instance, oil drums, 
the, operator would place a rolled 
cylinder on the supporting arm, 
adjust the job to the desired place, 
and clamp down. The next operation 
would be to swing the welding arm 
into place, and make the necessary 
adjustments to ensfire that the weld- 
ing flame would advance along the 
seam to be welded. As the ends of 
the cylinder would resemble a butt 
joint, with thp exception that a 
small space is left clear between them, 



['Water cooled 
by inlet and 
'outlet channels 

WCRStee! 


t _ Arrangement for Longl- 
tfor nee with Automatic Welder 
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lengths of filler wire would be laid 
along this o|>cning, end to end until 
the desired length was rebelled. 

The motor generator would then 
lx* brought up to s]>eed and by means 
of diverter switches I, and field 
rheostat H (Big. 1), the current ad-* 
justed to a predetermined value. This 
will be governed by the thickness of 
plate to be welded. The operator 
would then adjust by means of 
rheostats K and B (Big. it) the Je- 
sired s|xed of travel for the arc. 
This speed is also predetermined, and 
depends largely lioth oiptlie thickness 
of plate to lx* welded and the current 
being employed at the are. Tlie weld 
ing operations are now ready to be 
started. By pressing the push button 
() (Big. it), the motor J starts up and 
feeds the carbon down until it 
touches the work t^hen the auto- 
matic relays C come into play and 
reverses the direction of rotation of 
the motor, causing the carbon to be 
withdrawn, and thereby establishing 
an ate. When the arc is struck, 
elapi>cr switch II doses, and starts 
up the carriage motor N. 

The automatic relays C operates 
the motor J to either feed the 
carbon down or up. This depends 
o!i two things, on the voltage aetoss 
the arc, and the length of arc whielv 
determines the voltage. This was 
pointed out earlier on in the dis- 
cussion of electrical characteristics of 
the welding generator. As the* carbon 
pencil burns off in operation, the 
relays operate the motor to feed the 
carbon down until the proper length 
is obtained. If, on the other hand, 
however, the carbon approaches too 
dose to the work, and the voltage 
becomes very small, the relay comes 
into play and reverses the motor, 
causing the carbon welding jxmcil 
to lx* drawn away from the work 
until the projx*r arc range is ob- 
tained. This operation continues 
automatically until the scam has been 
welded or the operation is otherwise 
stopped. It only one automatic is 
employed in the shop, it is the cus- 
tom to turn out a number of welded 
cylinders, and then to start in on the 
heads. 

When the heads are ready, that is 
the dished ends, they are pressed into 
the ends of the cylindrical drum, and 
the hoops put on, the drum is set on to 
the turntable, adjusted for position, 
and the welding arm brought ipto align- 
ment. The speed of rotation is set, 
the welding current increased to cope 
with the increased area of metal to 
lx? welded, and the turntable motor 
started. One of the two switches B 


is then ojx-ned, cutting motor X out 
of the circuft. The only motor re- 
quired for welding head scams, so far 
as tlie Automatic attachment is con- 
cerned, is motor J. The same opera- 
tion is then repeated as tor welding 
the flat seam. 

The electrical connections arc not 
shown. They arc, however, com- 
paratively simple. Kssentialiv, power 
for the small motors is taken from the 
source of generator excitation, and 
power for producing the electric arc 
is received from the terminals on the 
rear of the welder switch panel am£ 
passed through the clapper switches, 
automatic regulators, etc., through 
the arc, and returned to the generator, 
completing the circuit. 

The information given above is of 
interest to the engineer, but the thing 
the works manager wants to know is, 
what does it cost for capital outlay, 
and what speeds of welding, and 
welding costs, can be guaranteed ? 
This can soon be shown. The com- 
plete equipment described above is 
of sufficient capacity to weld any 
thickness of sheet steel plate or black 
iron without putting it through a 
pickling process of from a minimum 
thickness of 2b gauge to I in., either 
butt joints or added thicknesses 
totalling A in. The initial outlay 
will be in the neighbourhood of 
(1.0(H). This machine is sufficiently 
large to weld complete bo imperial gal- 
lon oil drums per day having a ^he ll 
thickness of 1*2 gauge and four added 
thicknesses on the heads, totalling 
A in. Assuming that the machine is 
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in operation 80 per cent, of the work- 
ing d;^v, the cost per drum should 
not exceed two shillings. This is 
based on poVer at ljd. per K.W.H., 
labour at 2 b per hour, electrodes or 
filler wire at 4d. per pound, and 
carbon pencils f 6 - in. diameter and 
J2 in. long at 5d. each. The actual 
sj>eed of welding is at the rate of 
00 feet per hour on the longitudinal 
seam, when 1 bo amperes across the 
arc is employed. The kilowatt input 
of the motor generator set will lx? 
O.b K.WVII. at 35 volts potential 
across the welding circuit. 

T1h\ speeds and costs of welding 
will vary with the type of ‘joint, thick- 
nesses of added metal and current 
employed in the arc. B Big. b show*? 
the four types of joints run up 
against in commercial practice, and 
the writer will endeavour to give a 
few figures from charts and cost data 
placed at his disposal, showing the 
information the executive is likely to 
be interested in. 

Big. b.\. On £ in. plate the speed 
of welding is 35 feet per hour, current 
used 300 amperes in the arc. Kffective 
feet of welding turned out, 2S tect 
per hour, at a total cost based on 
figures previously given, of 2Ad. per 
foot welded. 

On 2b gauge the speed will be in 
the vicinity of 250 feet per hour, at 
corresponding reduction in total cost. 

Big. be. The cost slopes off con- 
siderably owing to the fact that the 
work is much more simple to set up, 
and because the cost of filler wire is 
dispensed with. 
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Fiji. b. Types of Welds 
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On IS gauge the sjxvd of welding 
at 120 amperes is 175 feet per hour, 
giving an effective spee<> turned out 
of 140 per hour, and at a total cost 
of a halfpenny per foot welded. For 
ft in. plate, the speed at#250 anqx-rcs 
is 75 feet per hour, giving an effective 
sj)ee<l turned out of (K) feet \kx hour, 


and at a total cost of tltree- farthings 
per foot welded. 

Fig. Ok. On two added thicknesses 
of 12 gauge the effective welding speed 
at 250 amperes is 100 feet per hour at 
a total cost of a halfpenny ]x-r foot 
Welded. 

Fig. Ch;. On 14 gauge plate weld- 


ing, the corners, the effective welding 
turned out «is 112 feet per hour, of 
225 amperes in the arc, and at a total 
cost of something less than a half* 
} x-iine pe? loot welded. 

• It there are any quest ions which 
our readers would care to have 
answered, we shall lx* pleased to do so. 


Recent Textile Machinery Developments 

• The folio, eing (It si riplion of two reeent textile nun Junes was omitted from our 

rrvi'\<% of the Mtinehes/er Textile Machinery t xhUdlioii in our lets! issue. 

I he data and illustrations for this artiele have been supplied # 
h\' courtesy of Messrs. Cook ( o. [M a nehesfer) Ltd. 


Lap Testing Machine 

T ill-', question of " regularity 
in tile thickness of laps " 
used both for waste and 
cotton spinning cannot be 
be too carefully examined. 
Hitherto it has received somewhat 
scant attention, whereas in carding 
and spinning rooms where sliver, rove 
and yarn are available, more oi less 
useful tests are obbyued as a guide 
to control the regularity of the fin- 
ished >arn. In the Scutching room, 
however, the most sensitive test is 
confined to weighing a short length of 
broad lap one yard long for example. 
Kven then, when the operation* of 
separating this length with cleanly 
cut edges lias been satisfactorily 
accomplished, the regularity of the 
enclosed portion still remains un- 
known. It is evident that although 
a test of this description may register 
a correct weight lor the total bulk 
placed on the scales, vet it does not 
follow that a unilorm -jliver from the 
carding engine will be the outcome. 
For example, assuming the aforesaid 
one yard of lap weighs 12 ozs., and 
is again subdivided precisely into four 
divisions of 9 in. long each, which 
register 3 ozs., 3] ozs., 3 ozs. and % 1\ 
ozs., the average is therefore 

3+3] f 3-f-2| 

1 

= 3 ozs., which is correct : but there 
is a variation of 3 { 2J -Joz. ; or 

— 1(>5 per cent. 

Given a draft in the carding engine 
of 100, it is not difficult to realise the 


effect of this Hijj per cent, vaiiatioli 
in lap thickness on the 100 yds. of 
ensuing sliver, which, again, is drafted 
into 3,150 yds. of 5 hank roving, rep- 
resenting over 13 miles of 3S's yarn. 

The special test of weighing short 
lengths of lap is pet formed at com 
paratively rare intervals, for generally 
it is considered sufficient to weigh 
each full lap as delivered from the 
finisher scutcher and allow a maxi 
mum latit ude of \ lb. undi r nr over 
the normal weight. In other words, 
a 30 lb. lap is considered suitable for 
the carding engine when it does not 
exceed 30 A lb., or weighs less than 
2y.{ lb. In this ease the total varia- 
tion is understood as 

( 30.1 29!, \ 

J * l** 1 • 

but, as 1ms been explained, the repre- 
sentation is a delusion. 

This crude method of testing has 
prevailed in the scutching room for 
a full century, but at length a simple 
machine has lx-en introduced which 
registers tin* variation of infinitesimal 
portions in the length of lap. The 
apparatus embodies an extremely 
sensitive regulator that adjusts itself 
to the average thickness of lap passing 
through ; when, by means of levers 
carried in anti-friction bearings, the 
resultant indications are recorded on 
a 4 >aper blank divided into spaces of 
length in feet and weight in ounces 
per yard respectively. 

The lap to be tested is placed on 
the top of two delivery rollers, and 
the edge of the fleece guided between 
the regulating rollers. The rotary 
movement of these regulating rollers 


brings the lap fnrwaid, when any 
average variation in the thickness 
for the full width of the lapis recorded 
on the diagram by the mechanism 
.shown on the right-hand side of the 
machine. Kach top regulating roller 
is fixed in a cradle, and each cradle 
is connected by a flexible wire or 
chain to the adjacent one through 
the medium of a pulley mounted on 
a lever. The mechanical combina- 
tion and connection of all these 
pulleys to the main lever is a modifi- 
cation of the principle of what is 
known as the “ piano feed,” in which 
the vertical movement of any of the 
top regulating rollers, or the sum 
total of several of them, is transferred 
to the diagram as already stated. So 
as to obtain a diagram which records 
very small differences of average 
thickness of the lap, the actual thick- 
ness is multiplied eighty times. 

Just as the engineer obtains the 
highest efficiency from his engine by 
setting the valves, etc., according to 
the indications of his steam diagram, 
so will the carder obtain more perfect 
laps for his cards when he adjusts his 
Sen teller regulators and fan draughts 
so that the resultant diagrammatic 
line approaches nearer to absolute 
straightness as recorded by the lap 
tester. 

An analysis of a record traced by 
the new machine is interesting and 
instructive. By its aid otherwise un- 
suspected variations in the thickness 
of the l?ip (sometimes exceeding 30 
per cent.) may be definitely located 
either to defective cage action (fan 
draughts) or to some irregularity in 
the feeder mechanism. A lap is pre- 
liminarily tested, and if the indica- 
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tions, for example, show that air 
currents are responsible for fluc- 
tuations, the air displacement is 
altered, or M back ” draughts reme- 
died. Another lap is theft formed, 
tested, and compared with the former* 
By this means the carder has a posi- 
tive indication of improvement, and 
therefore no longer dependent on 
conjectural experiments. 

Not only is a uniform thickness of 
lap the foundation of superior yarn, 
but by improving the working con- 
ditions of the intermediate processes 
to the spinning machines, it increases 
the production, reduces the waste, 
and alleviates the* work of the opera- 
tives with corresponding satisfaction 
to all concerned. 

Pneumatic Card Feeding 
Machine 

For the production of waste yarns 
the intermediate processes of drawing 
and roving are omitted, but to attain 
some degree of regularity four meth- 
ods of feeding the finisher card are 
generally employed, viz. : 


(1) Drumfiheet feed ; 

(2) Derby doubler feed ; 

(3) ‘^Scotch ” feed and its modifi- 

cation ; and 

(4) Blamires feed. 

A new arrangement of feed, to 
replace any of the above combina- 
tions, simply consists of feeding two 
scutcher laps to a taker-in and de- 
positing the opened mass, by means 
of a current of air, on to the finisher 
card lattice in the well-known “ vScotch 
feed ” manner. 

The taker-in is of the lagged variety^ 
revolving at a higher velocity than 
the usual practice and in combina- 
tion with a humbug roller of fine teeth. 
This action avoids nepping or weaken- 
ing the stock. On the other hand, the 
heavier impurities are expelled, and 
the fibres efficiently separated to the 
most suitable condition for delivery 
to the fan. This fan is the essence of 
the invention, since it thoroughly 
opens and mixes the waste. Passing 
through the fan, the waste is then 
impelled down an oscillating trunk 
to two calender rollers carried in a 


carriage which traverses to and fro 
across* the finisher card lattice in the 
Scotch feed' method. At this point 
the accumulated fleece is laid on the 
lattice in a narrow ribbon of hftherto 
incomparably softness. 

As a waste mixing comprises fibres 
which have previously undergone 
rough manipulation, it is evident 
that by eliminating all the carding 
functions of the breaking machine 
(with the exception of the taker-in), 
the further weakening is avoided. 
Stripping, grinding, various readjust- 
ments and expensive renewals of card 
filletiifg, etc., are no longer necessary, 
and a considerable economy in pro- 
duction, expenditure, power, labour 
and space is realised. * 

The us(f of air currents enables a 
given bulk of cotton fed in a given 
time to be delivered in reduced bulk, 
but at a proportionally greater veloc- 
ity and length. By this means the 
number of zigzag layers in super- 
position on the finisher card lattice 
may be increased considerably with- 
out affecting the hank feed, thus pro- 
ducing yarns of superior regularity. 
In other words, an additional draft 
and corresponding doubling is intro- 
duced, which, in the Stott's system, 
and impossible on others, is achieved 
by accelerating the rate of carriage 
traverse. If 3 double layers per foot 
of traverse are increased to 6 for the 
same area of lattice, it is obvious that 
each layer will now be one-half the 
original thickness ; and that the 
change is tantamount to doubling 
2 ^nds with 2 of a draft ; con- 
sequently the resultant feed to the 
finisher card will contain double the 
regularity. 

The feed rollers in this system are 
rotated by positive gearing driven 
from the doffer of the finisher card ; 
the bulk and rate of feed is therefore 
always synchronous with the con- 
denser delivery, and not affected by 
a slipping driving belt, which other- 
wise would vary the regularity of the 
finished yarn. 

A second fan is applied to exhaust 
the air from the cages in the traversing 
carriage. The action, therefore, at 
this position, is identical to the 
scutcher machine, but more efficient, 
since , a smaller bulk of cotton is 
.treated at a greater velocity. By 
this means there is no “ crowding " 
on the cages, with the assurance that 
every particle undergoes the influence 
of the air suction, when any remain- 
ing dust and loose impurities are 
removed. The latter is either me- 
chanically condensed into fleece form 
and delivered to a special receptacle, 
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or simply exhausted into the dust 
chamber. • * 

Finally, when it is* considered that 
the cotton, for the whole width of 
tlfe lap as absorbed by the feed 
rollers, is concentrated at the fan, 
it follows that jx-rfect mixing is the 
outcome. 

From these particulars it is there- 
fore evident that the new installation 
ensures 

(1) I, ess waste. 

(2) Fibres finally delivered in 

stronger condition. 

(3) lob res more perfectly separated 

(unmatted). 

(4) More doublings on the finisher 

car^ lattice. 

(f>) Synchronous movement of the 
feed and condAiser delivery ; 
and 

(t>) Efficient blending of the fibres 
with a corresponding uniform- 
ity of colour. 

The following tests, which were 
taken under ordinary working con- 
ditions, are of interest, and conclus- 
ively confirm the above advantages, 
viz., that a stronger and more regular 
yarn, of uniform colour and elasticity, 
with greater production and less 
waste and cost, is achieved : 

FIRST TEST (2’s YARNS). 
Comparison helv’cen tye Ordinary System (A) 

md Patent Pneumatic Card Peed (B). 

Process A. 

Two laps " bump " up on finisher con- 
denser card ; thence rovings spun into 2's 
on a roving frame. 

7 tests from A resulted in an lymrage of 
2. 2’s counts breaking at 95 lb. (00 yards). 

Variation in counts of A - 24 per cent. ; 
variation in strength iu lbs. 26 per cent. 

Process B. 

Two laps 'bump" up ou P.C.F. con- 
nected to finisher condenser card ; from 
thence rovings spun into 2’s ou a roving 
frame. 

7 tests from B resulted in an average of 
2.00’s counts breaking at 146 lb. (60 yards). 

Variation in counts »f B = 1 £ per cent. ; 
variation !n strength in lbs. = 26 per cent. 

Counts and breaking strain efficiency 

(\ - 209 \ 

\h 300.7/ 

Equivalent to 43 per cent, in favour of 
pneumatic . ard feed # 

The condenser bobbins from B process con- 
tained 22 per cent, more rove than from A for 
the same diameters. 

SECOND TEST (12's RINGS TWIST). 
Comparison between the Ordinary System [A) 

and Patent Pneumatic Card Feed (/?). 

. Process A. 

Two laps " white*" up on breaker card— 
Derby doubler — finisher card— speed frame 
— ring frame. 


Lap Testing Machine 

Process B 

Two laps “ white " tip on pneumatic 
card feed finisher card speed frame 
ring frame. 

N.B. The rovings from B process were 
so hard that 25 per cent, less twist was in- 
serted on the speed frame as compared to 
process A. 

In A test (normal twist in rovings) the 
average counts were 1 1 .36 at 67.5 lb. break- 
ing strain. 

In B test (25 per cent, less normal twist 
in rovings) the average counts were 1 1 . 1 1 
at 80.9 lb. breaking strain. 

Both were spun simultaneously on the 
same ring frame. 

Variation in counts of 

A 16 per cent. 

B - 10 per cent. 

Variation in strength of - - 

A - 36 per cent. 

B -21 per cent. 

Counts and breaking strain efficiency 

(\ 77 ^ 

VB - 90/ 

Equivalent to 17 per cent, in favour of 
pneumatic card feed. 

THIRD TEST (2}’s YARN). 

Comparison between the Ordinary System (A) 

and Patent Pneumatic Card Peed (B) 

Process A. 

Two laps inferior " bump " up on finisher 
condenser card, from thence, rovings spun 
into 2}'s on a roving frame (similar to No. 1 
test). 


Process B. 

Two laps inferior “ bump " up on pneu- 
matic card feed connected to finisher con- 
denser card, from thence rovings spun into 
2J’son a roving frame (similar to No. 1 test). 

Two tests were made, viz. : 

(1) Yarn with normal twist (4| turns per 

inch) and 

(2) Yarn with 25 per cent, less (3.4 turns 

per inch) 

A — With 3 4 turns per in. the average 
counts were 2.80 giving 10 lb. breaking 
strain. 

B— With 3.4 turns per in. the average 
counts were 2.16 giving 40 1b. breaking 
strain. 

A -With 4] turns per in. the average 
counts were 2 38 giving 60 lb. breaking 
strain. 

B— With 4} turns per in. the average 
counts were 2.14 giving 75 1b. breaking 
strain. 

As compared to A test the waste in B 
test was 13 per cent less, and the condenser 
bobbins contained 16} per cent, more rove 
for identical diameter when full. 

Counts and breaking strain efficiency 
(3.4 twist) : 

(A 2H\ 

\B , 86/ 

Counts and breaking strain efficiency 
(4} twist) : 

(A 142\ 

• VB 160/ 

Equivalent to 200 per cent, in f avow* of 
the pneumatic card feed with 3.4 turns per 
inch. 

Equivalent to 13 per cent, in favour of 
the pneumatic card feed with 4} turns per 
inch. 
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Low Temperature Carbonisation (x) 

dill*; POWER GAS CORPORATION PROCESS) 


# By DAVID BROWNLIE 

It Sc. lions. (I.owi), F.C.S., A. M l. Min K , Mem. Am.Soc.Mi:., A. I . Merit. K , etc. 




T ill- “ I *< > wc^ ('.as Corpora 
tit >n " process is the inven- 
tion of Mr. W. Reswick anti 
Mr. N. K. Rambush, and is 
handled by Messrs. The* 
Power ('.as Corporation Ltd., Park 
field Works, Stockton on Tees. The 
information contained in this article 
is obtained mainly from the paper, 
Improved bow Temperature by- 
product Recovery ( '.as Producer Pro- 
cess,” read by the Power ('.as Cor- 
poration Ltd., at the Conference on 
bow Temperature Carbonisation, held 
at Cardiff on the 20th April, 1022, 
under the auspices of the South Wales 
Institute of h'nginecis, and the im- 
portant paper, “ Production of by- 
product Producer ('.as under bow 
Temperature Conditions,” read by 
Mr. N\ I',. Rambush on November 3rd 
last, before the West of Scotland 
Iron and Steel Institute in ('.lasgow, 
blit the writer has also to thank Mr. 
Rambush for personal information in 
addition. 

As is well-known, Messrs. The 
Power ('.as Corporat ion btd. own 
the “ Mond " gas patents, and they 
have for the last thirty years sup- 
plied and erected “ Mond ” gas plants 
according to the original patents of 
the late Dr. Mond, and latterly those 
of by mil. 

The new “ Besvviek-Ratnbush " pro- 
cess, which has just been perfected 
after four years’ continuous research 
and large scale experimental work of 
a most expensive character, is 
in reality a very much improved 
“ Mond " gas process, in which the 
latter is combined with low tem- 
perature carbonisation for the re- 
covery of the oits. 

The original " Mond ” gas process 
consisted essentially of a producer 
utilising bituminous coal, generally 
cheap slack, in which a very large 
amount of steam was used. 2J, tons 
per l ton of coal, of which, however, 
the equivalent of about | ton was 


recovered, the nett amount being 
I J tons, only about 30 per cent , of 
this large amount being decomposed 
in the producer. The yield from 
I ton of average coal (slack) was, 
sa\ , IT), 00(1 cubic feet of gas, 110 
b.Th.r. nett peT cubic foot, leaving 
the producer at 1,005 deg. h\ (575 
deg. (TV. and a very high yield of 
sulphate <*} ammonia, about S5 05 1b. 
per ton. corresponding to about 00 
to 70 pe r cent, of the total nitrogen 
in the coal, which averages, say, 1.4 
per cent. The gas, ot course*, was 
used foi heating and for powvr in 
large gas engines, whilst the yield 
of tar from English coals was about 
0 to 10 gallons, of poor quality, con- 
taining a large amount of pitch, and 
little* or no value. l ; or many years 
the “ Mond ” gas process was most, 
successful in providing cheap heat 
and power, and a large munlxr of 
plants were erected. The* war, how- 
ever, changed the whole situation. f 
'rile* price* of coal and of sulphuiie 
acid advanced in an extraordinary 
manner, lar out of all proportion to 
the* advane'e in the price of ammonium 
sulphate*, from the* sale* of which the 
profits of the process largely ex- 
pended. Also, the costs of labour 
rose* rapidly, together with the initial 
capital outlay on the plant, whilst 
during the last few years, also, the 
increasing competition from syn- 
thetic ammonia has kept down the 
price* of sulphate* of ammonia. Conse- 
quently, the ordinary “ Monel ’• gas 
process ceased to pay, and finally 
nearly all the plants in the country 
closed down or were worked without 
ammonia recovery. In seeking to 
improve the process, Messrs. Bcs- 
wick and Rambush concentrated on 
improving the field and quality of 
the tar oils, whilst retaining the high 
gas ami sulphate of ammonia yields, 
and the method they eventually 
evolved consists essentially in keep- 
ing down the temperature in the top 
part of the producer, so that thy coal 


charge, in travelling downwards, is 
only subjected at this stage to a low 
temperature carbonisation, and the 
oils given off are essentially “low 
temperature," both in quantity and 
quality. In order to lpaintain the 
latter conditions, the temperature in 
the top half of the producer must not 
be allowed to exceed 570-750 deg. IT 
(300-400 deg. C.), since oil and gaseous 
products begin to be evolved at this 
temperature, and the low temperature 
decomposition is complete at, sav 
030 deg. I*. (500 deg. C.). In the 
ordinary “ Mond ” producer, how- 
ever, in which the gas is delivered in 
a hot, crude state, the temperature 
to which the coal is subjected, as soon 
as it enters the tot) of the producer, 
is at least 1,020 deg. l\ (550 deg. C.) 
average, and often exceeds this figure. 
Consequently the coal, before it is 
completely gasified in the lower part 
of the producer, is in reality subjected 
to a ehort high temperature carbon- 
isation from the heat of the bottom 
part of tin* producer, and the hot 
gaseous and volatile products rising 
up through it. 'Inis means that the 
valuable low temperature oils and 
other liquid products first evolved 
are “ cracked ” and decomposed into 
a further amount of gas, a smaller 
quantity of other and more compli- 
cated liquid compounds -and free 
carbon (soot). 

In designing a “ Mond ” producer, 
therefore, in which the coal in the 
top half is not subjected to a tem- 
perature from the lower half exceed- 
ing 570-750 qeg. l\ (300-400 deg. C). 
with separation of the low tempera- 
ture oils, two general methods can be 
adopted : — 

(1) By placing in the* upper part of 
the* producer a separate cham- 
‘ber in which the coal is first 
carbonised for several hours 
whilst under mechanical agita- 
tion, and only using for the 
purpose of carbonising part of 
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Htt- 4. Reconstructed Old Mond Producer 


the hot gases evolved in the 
lower zone, the producer gas 
evolved being kept separate 
from the rich gas evolved in 
the top half by the carbonisa- 
tion of the coal in the chamber. 

(2) By making the fuel bed much 
deeper than usual, but only of 
the usual width, so that the 
whole of the charge is slowly 
gasified and low temperature 
carbonisation in the upper 
portion carried out because of 
the much greater mass keeping 
down the temperature*, since 
only the same amount of total 
gasification as before is being 
carried out in the bottom zone. 

The “ Power Gas Corporation " 
process is on the second principle, and 


two types of special low temperature 
producers have been perfected to re- 
place the ordinary “ Mond ” gas pro- 
ducer, one of which is termed the 
“ low temperature producer " and the 
other the “ semi-low temperature 
producer," depending on the final 
exit temperature of the producer gas 
as it passes through the coal in the 
top of the producer. It was soon 
found, however, in practice that other 
factors besides mere reduction in tem- 
perature enter into the problem. Thus 
it is very important that the tempera- 
ture to which each particle of coal is 
subjected must be even right across 
the sectional area of the producer. 

Fig. 1 gives an interesting and 
valuable diagrammatic illustration of 
an ordinary “ Mond " gas producer, 


showing the differences in tempera- 
ture of the various la>*rs when the 
producer is* worked at its rated 
capacity with maximum ammonia 
recovery. Although the average tem- 
perature at 4he top exceeds 1,02(1 
deg. F. (550 deg. C.), the fuel par- 
ticles in a horizontal plane through 
the top layer at the edges vary from 
570-1, 290 deg. F. (300-700 deg. C.), 
so that the entering fuel nearest the 
wall of the producer is submitted to 
a very much greater temperature than 
in the middle, and this is probably 
* just as much the cause of about 50 
per ceift. of the tar oils bejng cracked 
at the average temperature of, say, 
1,065 deg. F. (575 deg. C.). Also, it. 
is necessary to have a* definite time 
lag to alio# the gradual decomposi- 
tion of the volatile matter to low 
temperature oils without cracking, the 
rate of evolution being of the greatest 
importance. In the ordinary “ Mond ” 
producer this time lag is practically 
nil, the raw coal entering at once 
into a temperature zone of over 1,020 
deg. F. (550 deg. C.). 

Taking, now, the two new plants 
designed to embody these ideas : — 

(1) Semi-Low Temperature 
Plant. 

This type has been designed chiefly 
to be applied to the existing " Mond ” 
gas plants that are shut down, and 
at present four such large plants are 
being adapted. Figs. 2 and 3 show 
the sectional elevation of the old 
" Mond " gas producer, and of the 
new ## semi-lovv temperature producer 
plant. In the new plant the charge 
is increased very considerably by 
extending the height and modifying 
the shape at the top ; whilst the 
central feeding bell of the old *' Mond ” 
plant is substituted by a new circum- 
ferential fuel feed. This latter is de- 
signed on the principle of extending 
the mouth of the gas outlet pipe to 
under the surface of the freshly- 
charged fuel which fills the producer 
right to the top. This arrangement 
also ensures that all the gas must 
pass through the centre of the top of 
the fuel bed, and heats the middle 
portion of the charge as well as the 
edges. In practice the temperature 
in the coal across the top of the charge 
is very even, and varies with the 
output from 480-840 deg. F. (250- 
450 deg. C.), whilst the time lag is 
J-I hour, with a gas outlet of 660 
deg. F. (350 deg. C.), instead of almost 
instantaneous as in the ordinary 
" Mond '* plant. Fig. 4 ifc a photo- 
graph of a semi-low temperature plant 
built up from an old “ Mond ” gas 
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plant at the works of the South 
Staffordshire Moml Gas riant at 
Tipton, Start’s, which has been work- 
ing with great success since the be- 
ginning of 1 <322. The exact results 
of a 1 OH- hour test are as follows : 

Tl f ST ON SKM1-LOW TKMP15 KATURH 
PLANT 

j A ,nd nu producer 25 tons of coal per 2f 
hours. 

Calorific value of fuel 1 1 ,-w < H- 1,1 ^ 

Si/e of eoal 55 per cent, above ,J m . - ' per 
rent. | to 1 in., lb per rent. 1 to 1 ui . 
and 8 per cent, helovv $ m. 

Maximum gas output -207.000 cubic bet 
(N.T.r.) per hour. 

Minimum gas output 44.100 cubic feet 
(N.T.r.) per hour. 

Temperature of air blast l<0 deg. iv 

Temperature of exit gases 000 deg. 1* - 
(350 deg. C l. . ... , 

I.bs. of steam used per lb. of coal gasified - 

1 , . 
Thermal etVu iem v of plant <0 per cent. 
Percentage of carbon m ash b*.t> per cent. 

Yll-U) VVM TON Ob' hKV COAL 

(l) ('.as (N.T.1V), cubic feet 122,100 at 
.100.3 H Til th 

Composition of gas : 

C< ) 12.2 per cent. 

Cl)' >-.7 

II j ... 27.8 

CU 4 »? 

Nitrogen ... 40. o «. 

(2) l,mv temperature oils (dry) —19.0 

gallons. 

(3) Sulphate of ammonia- Oil lb.* 

•This corresponds to 00.7 per cent, of 

nitrogen recovered, the figure for the dry 
goal being 1.5 per cent. 


The advantages claimed for this 
semi-low temperature plant, in com- 
parison with the old Mond .go* 
plant, are f>0 per cent, higher daily 
gasification, .1 heating value of H‘>0 
IbTh.U. instead of 140. carbon tn the 
ash If) per cent, instead of 30 per 
cent., ammonia yield same, less than 
half the steam consumption, a par- 
ticularly important point, increase of 
tar yield 30-40 per cent., thermal 
efficiency improved by 10 per cent., 
and no superheating of air blast 
necessary. 

(2) L<>w Tkmi’Kkati’kk Plant. 

This is on the same general lines, 


but is intended for new plants, the 
time factor is longer and the tem- 
perature still lower, so that the 
volatile matter is evolved more slowly, 
being 3-4 hours* with an exit, gas 
temperature of about 380 deg. h • 

(200 deg. C.). whilst there is an 
almost entire absence of tracking.^ A 
plant was erected at Stockton-on - lees 
at the end of 1021, with a 5 ft. lu- 
te mat diameter producer, and has 
been working ever since with great 
success. 

The results of*a typical four days 
mn (November, H>21) are given 
below : 


Coal consumed per hour (tons) 

Air Mast temperature ... ^ 

Amount of steam decomposed ... 
YlKLl) I’ HR ToX oi- Co.U,- - 

(1) Gas. Not measured accur- 
ately. 1 

Analysis of gas - 
' CO, 

CO ... 

llj 1 

ch 4 ** 

N, ... ... - 

Nett calorific value 
(2) Sulphate of ammonia by- 
analysis (ees. of N acid 
per cub. m.) 

(31 Tar oil, by analysis 
(grammes per cub. in.) 


7.40 

|(*.j deg. 1' 

(7 A deg. C l j 


11,21 j 

3; 11/21 j 

4. 11 21 

! 

5 00 1 

deg. 1*. | 
deg. C.) 

°- 7 "« | 

A 7 A ! 

105 deg. IV 
(75 deg. C.) | 
«8.0°o | 

ADO 

1 05 deg. 1'. 
(75 deg. C.) 
83.4 % 

1 

*! 

i 

1 


1 

r 0 

22.0 

Hl.O 

A. 4 
mn 

182.0 

8.0 i 
1 21.0 

i 2 i ( ! 

i 44 ,t 

184 3 

8.4 

l 20.0 

21.0 

j 51 ' 

i 45.0 

j 178.0 

171 

220 

1 

• 230 

23.1 

27.8 

39.5 
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viKi.ns im;r 

• 

TON OF DRY 

COAL. 



! Ordinary 

New send low 

New low 


Mond " ga- 

temperature 

temperature 


1 process 

process 

process 

»t ill licit steam required (tons* 

11*0 

1 2H 

1 05 

((O Steam for Mast 

IT 0 

1 10 

0 1)0 

[!•' Steam for sulphate evap. 

0,1a 

0 10 

0.15 

Coal lor steam raising <7 11*. water per 

1 lh of eoal) without burning tar ... 

0 .272 

0 ISO 

0.150 

Yield of gas, cubic feet ... 

144.500 

1 ,4:1,000 

1 is, 000 

Nett ral. value of gas, ll.Th.F. 

1451 * 1 

154 7 

182.4 

Theoretical llame temperature ... f 

2, SIM) deg. F 

4.0S5 (leg V 

4,220 deg F. 

\ 

(l,5S8 deg. C V 

(1.01*7 deg Cl 

1 1 ,775 deg. C.) 

< -as analysis 

CO . 

10 0 

1 1.0 

S.4 

CO 

110 

17 5 

20.5 

11, 

2 a. 4 

21 5 

20.5 

CH, 

2.7 

4 4 

5 . 5 

N , 

15 4 

•to 7 

it 1* 

YieM of tar oils, gallons 

10 ; 

1*1 

21 

Yield of sulphate of ammonia (lbs.) 

1)0 

1*5 

1)0 

l .lheieiiev of process 

(<f) C,as producer, excluding tar 

IIS",, 

70"„ 

K0 u o 

including tar 

74“,, 

,«7 2" 0 

1*2 4" „ 

(M Overall eilU idle v, including coal 
for steam raising, excluding tar 

! 5 : 1 . 0 °,, | 

, 

01 1 

01*. a",, 

burning tar for steam raising ... 

I 50.7",, i 

1 ! 


Kl>.0° () 


Another test carried out had a 
consumption^ of 5.25 tons of p, a l jxr 
24 hours, corresponding to 2<>.l lb. 
of coal per square fortt, the steani 
uset^ being 0.94 1b. per lb. of coal, 
whilst the air blast temperature was 
105 deg. I\ (75 deg. C$. and the exit 
gas temperature lx*lovv 390 deg. 1«\ 
(200 deg. C.). The full analysis of 
the dry coal used was, carbon 75.0 
per cent., hydrogen 5.5 per cent., 
oxygen 14.0 per cent., nitrogen 1.50 
per cent., with H.l per cent. ash. the 
volatile matter being 50.2 per cent., 
and the nett calorific value 12,200 
II. Til. U. The yield per ton # of dry 
coal was : • 

(1) ( las, 120,000 cubic feet, 17S 

B.Th.U., the analysis being : 

CO, S.4 j#r cent. 

CO 21.0 

II 20.5 

cn, 4. a 

N. 45.4 

(2) Tar oils, 20 gallons. 

(5) Sulphate of ammonia, 90 lb. 

(50 per cent, efficiency). 

The gasification efficiency was 91 A 
per cent., including tar, and 7S.4 
per cent, excluding. 

Mr. Kambush gives the essential 
figures for the difference between the 
old “ Mond ” gas process, the new 
semi-low temperature process, and 
the new low temperature process, as 
follows : -Taking in each case a 
typical coal of 12,000 H.Th.U. and 
57.0 per cent, volatile, with 12.0 per 
cent, ash and 1.4 per cent, nitj^gen. 

A consideration of these figures, 
taking the low temperature plant as 
being of more interest from the point 
of view of these articles, is that the 
gas volume is slightly reduced, say 
from 154, (MX) to llS.tHM) cubic feel. 
The gas is, however, of a much more 
valuable quality, being ISO B.Th.U. 
instead of 155, which is itself a factor 
of great importance. * This is due in 
the first place to the use of much less 
steam in the process, but probably 
also because of the low temperature 
carbonisation, and one of the results 
obtained by Messrs. Beswick and 
Rambush in their investigations is 
to show that as the exit«temperaturc 
of the producer gas is lowered from, 
say, 1,085 deg. I\ (575 deg. C.) to 
390 deg. I'. (200 deg. C.), the heating 
value of the gas rises from 155 B.Th.U. 
to 180 B.Th.U. This means, for ex- 
ample, that the new “ Mond f ' gas 
can now be used in the firing of steel 
furnaces just as well as ordinary pro- 
ducer gas. The old “ Mond ” gas 


was not a success for Ibis purpose, as 
the quality was too low to maintain 
the temperature, and the gas con- 
sumption was increased by 25-50 per 
cent, on an equal heating basis. The 
new “ Mond ” gas is, however, better 
than the producer gas now used, since 
the theoretical flame temperature is 
about the same, 5,220 (leg. I*. (1,775 
deg. C.), and the quality is better, 
average producer gas being, say, 103 
B.Th.U., with 28 per cent. CO, 41 
per cent. CO 2 , 13 per cent, hydrogen, 
and 3 per cent, methane. 

As regards the tar yield, the figure 
is 20 gallons per ton, equal to the 
average low temperature process, and 
the quality is also the same, a remark- 
able improvement as compared with 
the old “ Mond ” process. As Mr. 
Rambush points out, the quality and 
quantity is dependent on three fac- 
tors : (1) quality of the fuel, (2) tem- 
perature of the carbonisation, and (3) 
the rate at which it is driven oil. Also, 
the higher the oxygen content of the 
coal, the greater the proportion of 
oxygen compounds in the tar. The 
ammonia yield is maintained at the 
same high figure, 90 lb. per ton. 

Mr. Rambush points out that when 
coal is gasified with a mixture of air 
and steam, the evolution of part of 
the nitrogen as ammonia probably 
kikes place in two stages, “ volatile " 
ammonia evolved simply by heating, 
and that formed by chemical re- 
actions between the various gases in 
the producer and the “ fixed ” nitro- 
gen in the fuel after the volatile 
matter has been driven ofT. 


A very interesting opinion is given 
by Mr. kambush as the result of 
these many large scale tests’. It is 
the usual theory that large yields of 
ammonia in the gasification of coal 
arc due to the use of a large excess 
of steam, which exerts a protective 
influence and prevents the decom- 
position of ammonia as soon as it is 
formed, so that the old “ Mond " 
process, with 1 2 tons of undecomposed 
steam per 1 ton of coal, had the very 
large yield of IM.) lb. Mr. Rambush 
states that this theory is erroneous, 
and the same results can be obtained 
when the quantity of undecomposed 
steam is about 0. 1 tons. 

The new process, whether “ low 
temperature ” or “ semi-low tem- 
perature,” has a number of other 
substantial advantages, in addition 
to improved yields. As regards 
capital outlay, the plant can be in- 
stalled today at the same price as 
the old “ Mond " plant before the 
war, and the ground space occupied 
for the same gas output is only 50 
per cent. Big. 5 is a detailed plan of 
a low temperature plant and an old 
“ Mond” gas plant, each for a con- 
sumption of 100 tons of coal a day, 
although a large amount of the 
ground space saved is due to the use 
of the “ Lymii " vertical washers in- 
stead of the old horizontal apparatus. 
Also, because the gas leaves the plant 
at a Mwer temperature, the loss of 
sensible heat is very much less. Thu::/ 
in the ordinary hot gas, J ,020 deg. I\ 
(550 deg. C.), plant as used in steel 
works, the equivalent of 12-15 per 



4S2 


t . 

I N D U S T R 1 ‘A. L I N D I 


cent, of the coal gasified is used in the 
process, and in a by-product recovery 
plant the figure is Id 20 ’per cent. 
With the new plant there is a saving 
of 20-30 per cent, on this^ figure. 
Further, the quality of the gas is 
absolutely uniform, and independent 
of the charging periods. An ordinary 
producer, with intermittent charging 
and an ordinary feed hopper, gives a 
greatly varying gas. Just alter 
charging, for example, with raw coa^ 
a large part of the volatile matter is 
driven off almost at once, giving for 
a short time a rush of rich gas, whereas 
with a low temperature producer «t lie 
gas outlet temperature is below that 


of the volatilising point of the coal, 
so that the producer can be charged 
every one to two hours without any 
difference* being noticed in the gas. 

Another point is that a low tem- 
perature producer, with an extra deep 
'fuel bed, can carry much more easily 
a big over load, and work with greatly 
lluctuating demands. Thus detailed 
figures are given of the performance 
of a low temperature producer, hand- 
tired, and with hand ash cleaning, 
with bituminous slack, in which the 
pounds of coal gasified per square 
foot per hour varied from 10.9 to 
48.2 lb., and the cubic feet of gas 
output at N.T.lf per hour varied 


from 62,000 to 273,000. The demand 
in one Jiour was 158,200 cubic feet 
of gas, and this went up in the next 
hour to 253", 900, and in another 
period drop]>ed from 171,300, to 
75,200 in the next. The normal 
rating of this 'producer was 20-22 lb. 
coal per square foot per hour, and 
the maximum load was therefore 
130 per cent, above normal, and for 
seven hours continuously was 100 per 
cent, overload. Finally, the labour 
is 10-30 per cent, less as compared 
with the old plant, and it may be 
noted that low temperature oils are 
being obtained in a simple plant with- 
out anv complications. 


V 

The New Paris Super-Power Station 

(Continued from page 434.) 


Meux, and sub-stations in place of the 
old smaller power stations, to which 
current would be supplied at 60,000 
volts and reduced as required.- This 
scheme involved the expenditure of 
about 250,000,000 francs, and is, in 
fact, part of the general scheme for 
the unification of the whole of the 
power supplies of France. In the 
future the new super-station will he 
linked up first with the generating 
stations in the Pas de Calais, and 
finally, with the hydro electric power 
generated on the Rhone, the Rhine, 
and the Central Highlands. 

The new station occupies an area 
of 120,000 square feet, and the 
generating plant will consist of 5 
turbo-alternators of 40,000 K.W., 
with room for three more sets, the 
base of each generator being 56 feet 
above the bottom of the foundations, 
which are designed on novel principles 
of cellular construction. One of these 
huge turbo-alternators has been sup- 
plied by the firm of Messrs. Ivscher 
Wyss of Switzerland, two by Messrs. 
Schneider, and two by the Societe 
Alscietmc de Constructions Mecuni- 
ques. The steam pressure is 310 lbs. 
per square inch, and the turbines have 
a speed of 1,500 revs, per minute. 
The boiler house is 283 feet long, and 
160 feet wide, and there are two rows 
of boilers, consisting of 10 “ gabcock 
and Wilcox " boilers in pairs and five 
^ Stirling" boilers. Under the boiler 
house is a large basement at a height 
of 33 feet above the foundations, 
which carries various railway lines for 


handling ash and clinker, another 
floor at 46 feet contains the pipes, 
whilst a third, at 56 feet, on a level 
with the power house floor, forms the 
firing floor. The maximum working 
pressure of the boilers is 350 lbs. per 
square inch, and the temperature of 
the superheated steam 375-400 deg.C. 
(707-752 deg. F.)> the evaporation of 
each “ Babcock and Wilcox ” boiler 
being 117,000 lbs. per hour with 
14,000 square feet heating surface, 
whilst the “ Stirling ” boilers have an 
evaporation of 176,000 lbs. per hour t 
and 22,5(X) square feet heating surface. 
The whole of the boiler installation is 
worked with forced and induced 
draught, and the feedwater from the 
condensers is heated to 80 deg. C. 
(176 deg. F., by the turbines, and 
then to 100 deg.C. (212 deg. F.), by 
the exhaust from the auxiliaries. It 
is then degassed and passed through 
steel tube economisers over the boilers 
the final temperature entering the 
boilers, being 160 deg.C. (320deg.F.). 
The gases leave the boiler at 340 deg.C. 
(644 deg. F.), and are reduced to 
220 deg.C. (428 deg.F.), in passing 
through the economisers. A com- 
plete installation of air heaters is also 
fitted, which reduces the final tem- 
perature of the exit gases to 150 deg.C. 
(302 deg.F.), and raising the tem- 
perature of the^&ir entering the fires 
to about 90 deg.C. (194 deg.F.). The 
economisers have 13,000 square feet 
surface for each “ Stirling " boiler, 
and 17,000 square feet for each pair 
of “ Babcock and Wilcox " boilers, 


and some idea of the size of the 
condensing plant will be made evident 
by the fact that the condensers have 
37,000 square feet cooling surface, 
and are supplied by two pumps, each 
capable of a delivery of 6,750 tons of 
water per hour. The area occupied 
by the power house is 1.18 square 
feet per kilowatt, 1 and the area of the 
boiler house is 2.36 square feet per 
kilowatt. 


THE DEVELOPMENT OF 
COMMERCIAL AVIATION 

That, in the near future, com- 
mercial aviation is to be developed on 
a wide basis, is evidenced by the in- 
creasing attention now being paid to 
the question in nearly every country. 
In America, iiT fact, owing to the 
support given to commercial aviation 
by the Harding Administration, an 
Aeronautical Chamber ' of Commerce 
of America lias been established. Thus, 
in the States, they are developing 
along national lines, the objects of 
the Chamber being “ to foster, ad- 
vance, « promulgate and promote ” 
aeronautics, and " generally to do 
every act and thing which may be 
necessary and proper for the advance- 
ment ” of American aviation. In a 
communication it is stated that com- 
mercial aviation can ren4er to the 
community services described as 
national civic and commercial. 


POWER AND POWER 
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TRANSMISSION 


THIS SECTION DEALS WITH THE SOURCES, USES AND TRANSMISSION OF POWER AND WITH THE 
« " » :: DESIGN AND MANAGEMENT OF PRIME MOVERS OF ALL KINDS :: :: :: t: 


Electricity* Supply of Leicester 

The folloiving interesting particulars have been supplied to us by 
Messrs. The English Electric Co. Ltd., relating to the new Leicester 
Pwer Station, which ivas opened on December Sth, 1022. The 
facts recorded in this article give an instructive insight into the growth j 
and development of a modern power station in an industrial town, * 
and also indicate the latest practice under the special local conditions . 

Illustrations by courtesy of Messrs. The English Electric Co. Ltd. 


T HE Corporation first under- 
took the supply of electrieal 
energy in 1 804, when Ayles- 
stone Generating vStation 
was erected on the Gas 
Works site, and supplied single-phase 
current, principally for lighting pur- 
poses. The late Mr. Alfred Colson 
acted iti the dual capacity of Gas and 
Electric Lighting Engineer, and the 
controlling body was styled the Gas 
and I dec trie Lighting Committee. 
This Committee continued in charge 
of the electric lighting department 
up to the end of the year 1010, When 
they were relieved of that duty by 
the Tramways Committee, re-named 
the Tramways and Electricity Com- 
mittee. 

Previous to this, however, in the 
year 1004, the Tramways Committee 
had erected their own generating 
station at the Lero, for the purpose 
of giving a /Erect-current supply to 
the electric tramway system estab- 
lished in that year. F rom this station, 
in the year 1008, the first serious 
attempt was made, under the di- 
rection of Mr. T. R. Smith, to meet 
electrically the demand for motive 
power which was rapidly developing 
in the city. The expedient ofr con- 
necting power consumers to the. 
500-volt direct-current mains proved 
highly successful. 

In 1911, the electricity supply to 
the whole city was placed under The 
sole management of Mr. Smith, and 
since that Sate the growth of the 
undertaking has been almost phenom- 


enal in character. It soon became 
necessary to supplement the existing 
plants both at the single-phase gener- 
ating station at Avlestone, and at the 
Lero direct-current station. Three- 
phase turbo-alternators generating 
at extra high tension, and represent- 
ing the most modern practice in 
electricity supply, were installed from 
time to time at both works, and a new 
central sub-station was established in 
Newark Street for more economically 
converting and distributing current 
frym the two stations to the ever- 
increasing number of lighting and 
power consumers, as well as to the 
tramways system. 

So rapidly, indeed, did the demand 
for current within the city increase, 
that the capacity of the two stations 
became overtaxed, and unequal to 
the task of adequate supply, while the 
two sites were incapable of accommo- 
dating further plant extensions to 
deal with the future demands. In 
1917, the services of the well-known 
consulting engineer, Mr. C. H. Word- 
ingham, C.B.E., M.I.C.E., were en- 
listed, with a view to the preparation 
of a scheme for extending the elec- 
tricity supply. Although the con- 
ditions attending the war and its 
conclusion 'prevented the realisation 
of J:he projects then worked out, a 
number of Mr. Wordingham's recom- 
mendations, notably those concerning 
the site itself, the generating plant, 
etc., were embodied in the scheme 
ultimately carried out. 

At a later, date, the Electricity 


Committee decided to send their 
Engineer to America for the purpose 
of studying the latest practice in the 
United States, and the result of his 
visit is shown in many ways in the 
design of the New Central Generating 
vStation situated on the Freemen's 
Meadow, Avlestone, and recently 
opened by the Chairman, Alderman 
Flint. This station contains the very 
latest instruments and machinery 
that the scientific and engineering 
world has produced, and will be the 
means of supplying the city and 
district with energy for manufactur- 
ing and domestic usage at rates as 
favourable as those of any under- 
taking in the Kingdom. 

The progressive policy of the de- 
partment is evidenced in the new 
showroom in Market vStreet. Here 
all enquiries are met, and apparatus 
inspected and loaned, and from these 
head-quarters the Committee are in- 
tent upon pursuing an active cam- 
paign in the interests of the depart- 
ment and the citizens of Leicester. 
A special effort is to be made to 
induce domestic users to utilise heaters 
and cookers, and the recent reduction 
in the heating and cooking tariff is a 
step in the right direction. 

In 1901, one and a quarter millions 
of units were generated, principally 
for lighting consumers; in 1911, by 
which tiftie a good power load had 
been added, as well as the tramways „ 
twelve millions of units were gener- 
ated, and this had increased to nearly 
thirty millions in 1921. At the time 
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of printiif^, the figures for 1922 were 
not available, but events point to 
another substantial increase over the 
preceding year, the figures at October 
Hist having reached twenty* nine mil* 
lions. 

The number of lighting consumers 
on the books of the department at 
the end of 1922 was nearlv 9,000, 
while factories and mills in the city 
were being supplied with energy to 
drive motors developing well over 
25,000 horse power. * 

The present prices for electricity 
are as follows : € 

Motive Tower t 

H.fkl. to l.H5d. per unit. 


Soar, adjacent to the main line of 
the Midland Railway, and to St. 
Mary's Road. The situation chosen 
is verv favourable both for delivery 
of coal by rail or water, and also for 
the supply and the re-cooling of it 
for condensing purposes. The ground 
is well above flood level, ami has a 
subsoil of dee]) gravel on a bed of 
shale rock, which forms an admirable 
foundation for the buildings and 
heavy plajit installed in them. 

The main contract was awarded to 
the Knglish Klectric Company Ltd., 
and included the boiler house, turbine 
room, switch house, and other builcT- 
ings, the turbo- alternators, electrical 


The portion of the power station 
now completed accommodates one 
I0,00A K.W. turbogenerator unit, 
with the necessary steam raising and 
auxiliary plant, but the design of the 
buildings is such that extensions can 
be added upon a uniform plan until 
a total capacity of 05,000 K.W. is 
attained. 

As a result of the careful considera- 
tion given to the problem by Mr. 
Smith, the fullest advantage has been 
taken of the river for the re- cooling 
of the circulating water drawn from it. 
There already existed some 200 yards 
up-stream from the power house a 
substantial weir running diagonally 



Domestic Tariff 

(1) A Hat rate for lighting, 7d. 

per unit. 

(2) A flat rate for heating and 

cooking, or alternatively, 
l £d. per unit. 

(H) A comprehensive charge, in- 
cluding lighting, heating, 
cooking, and all other pur- 
poses : (if) a fixed charge of 
9/- jht lampholder per an- 
num, chargeable on 75 per 
cent of the total number of 
lampholders installed, plus 
(b) Id. per unit. (1 

The New Station 

The site of this station is on the 
right bank of the canalised River 


machinery for the auxiliaries, switch 
gear and extensive civil engineering 
works. The latter comprised the 
construction of the railway siding 
embankment 450 yards long, with 
extensions to the turbine room and 
wharf, the extension of St. Mary’s 
Road, and the provision of two 
90-inch water intakes, and an open 
reinforced concrete discharge culvert 
between the power station and various 
points on the river. 

The boiler house equipment, jmd 
the whole of the pipework, were en- 
trusted to Ilabco^k & Wilcox Limited, 
while the coal ami ash-handling plant 
and wharf const ruction were placed in 
the hands of The Mitchell Conveyor 
and Transporter Company Limited. 


across tlie river for a length of about 
500 feet, and the cooling effect due 
to the water running over this in a 
thin sheet, as well as that due to the 
river itself, has been utilised by the 
following arrangemehts. A 00-inch 
diameter intake pipe {No. 1) has been 
constructed leading from the river 
bank at the far comer of the site into 
the screening pit, where there are two 
circular screens ; the water is then 
pumped through the condenser and 
out into an open discharge culvert. 
This culvert runs from the power 
house along the river bank to a point 
above the weir, where there exists a 
larger open expanse of water. The 
further intake (No. 2) has been con- 
structed approximately half-way be- 
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Ash Discharge 

Tlu* ashes discharged from the 
boiler grates fall into hoppers which 
are provided umlerneath with doors 
opening into the ash basement. This 
basement, so called, is, however, at 
the ground level, so that ash wagons 
of special design, but of standard 
railway gauge, can l>e run underneath 
the hoppers to receive the ashes, and 
transport them to the tipping position 
on the site, by means of a sjx'cially- 
designed steam storage locomotive. 

Boiler Plant 

The boiler loofh plant at. present 
installed comprises four boiler units 
of the Halx'ock & Wilcox type, 


; 




tween the weir and No. I intake, 
with tire object of dealing with the 
water at flood levels wlien the ditter- 
ence.in level between the two sides 
of the weir is slight. Under such 
conditions the circulatiiTg water would 
be drawn in No. 2 intake, and after 
passing through the condenser, dis 
charge through No. 1 intake, which 
then becomes the discharge pipe. 
Suitable valves, etc., are provided in 
the waterways, so as to facilitate the 
change over from one method of 
working to the other. 

This scire me is the result of ex 
tensive research conducted on the 
• site, which showed conclusively that 
sufficient cooling effect could in* oh 


ture of labour, but the arrangements 
must, be efficient, reliable, and suffi- 
ciently flexible to meet all the con- 
ditions which may arise. In the 
present instance the coal is delivered 
to the site either by rail along the 
special siding which lias lx*en con- 
structed, or else by river to a new 
ferro concrete wharf, 125 feet long 
hy 35 feet wide. Kail-borne coal is 
unloaded by running <jach wagon 
into a “ Mitchell tippler,” operated 
hy a 10 h.p. motor. This device con- 
sists of a cradle which rotates and 
carries the wagon with it until the 
latter is tilted at a sufficient angle to 
discharge its contents into a hopper 
underneath. The whole operation of 
tipping and returning the wagon takes 


In the Boiler House 

taiued from the flow over the weir 
to deal with, perhaps, 20,000 K.W. oi 
plant. • 

The following is a short description 
of each of the important items of 
plant in the power house taken in 
order, from the unloading of the coal 
to the control of the electrical energy 
flowing out into the city. 


Coal and Ash Handling Plant • 

In view of the very large quantities 
of coal and ashes which have to be 
dealt with in a modern power station, 
it is necessary to give the greatest 
attention to all the details in con- 
nection with the handling of this 
material ; the work must not only be 
carried out with a minimum expendi- 


li-ss than two minutes. River-borne 
coal is unloaded by means of a grab- 
crane into railway trucks, which are 
then dealt with in the tippler. 

prom the underground hopper the 
coal is raised by means of a skip-hoist 
to the upper part of the boiler house, 
and there distributed by a belt con- 
veyor into the various bunkers. It 
should be noted that the coal-handling 
plant and bunkers are of sufficient 
capacity to cope with the next set 
w^iicli will lx* installed at a future 
date. In due course the coal passes 
from these bunkers through auto- 
matic weighers, and down the chutes 
to the stoker feeder hoppers on the 
boilers, the quantity which passes 
into each separate bunker being auto- 
matically recorded. 


each having a steam capacity of 
45,000 lbs. per hour. Steam is gener- 
ated at a pressure of 275 lbs. per 
square inch, and superheated to a 
total temperature of 700 deg. K. 
Kach unit is fitted with an integral 
superheater and superimposed steel 
tube economiser. The mechanical 
stokers, of which there are three to 
each boder unit, are of the chain grate 
type, designed to burn low grade 
coal. The coal is fed from overhead 
bunkers to the boilers through chutes 
fitted w'ith control valves, and the 
quantity used is measured at its 
entry into the furnaces by suitable 
meters. 

Kach boiler unit is fitted with an 
instrument board, on which are fixed 
the necessary instruments and appar- 
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atus to enable the operating staff to 
obtain at all times the most econom- 
ical working of the plant. 

A separate forced-draught fan and 
the necessary air ducts have been 
provided for each boiler, so that it 
can be operated under balanced 
draught conditions when low grade 
fuel is to be consumed, or on natural 
draught when higher grade fuel is 
used, h'or this purpose the chimneys 
are divided into two portions at their 
lower sections, and fitted with in- 
duced draught fans which draw the 
gases of combustion down one section 
of the chimney from the economiser 
outlet, and discharge them upwards 


through the other portion of the 
chimney. 

Messrs. Babcock & Wilcox have 
also supplied and fixed the whole of 
the main steam and auxiliary pipe- 
work in the station. 


Turbo-Alternator Plant 

The generating plant at present 
installed consists of out- 10,(MH) K.W. 
impulse turbine, coupled to a 0,000 
volt f>0- period 3-phase alternator sup- 
plied with cooled air from a closed 
circuit air cooler installed immediately 
below in the concrete foundations, 
and is complete with surface con- 


denser, extraction pumps, circulating 
water pumps, and so on. The steam 
from the turbines, after being con- 
densed, is passed through pipework 
arranged on what is known as the 
“ closed feed " system, the primary 
function of which is to provide the 
boilers with pure feed water, and 
thus eliminate as far as possible the 
scaling of the tubes. The necessity 
of blowing down the boilers, except 
at rare intervals, is also avoided, and, 
at the same time, the feed water is 
kept as free frogi air as is reasonably 
practicable, an important point in 
reducing the liability of trouble from 
corrosion. 





Steam Storage Locomotive 


C.oal Waggon l’lppler 


A Prac.hu Sc Bouillon automatic 
self-cleaning evaporating plant is pro- 
vided for supplying distilled water 
at the rate of three tons per hour 
for the make-up feed, consisting of 
an automatic self-cleaning double 
condenser, pre-heater, thermo-com- 
pressor, accessories, and the necessary 
electrically-driven pumps for deliver- 
ing the distilled water into either a 
hotwell tank, or, alternatively, to the 
storage tank situated in the roof of 
the building. 

The condenser, as well as its 
auxiliary pumps, was supplied by 
Messrs. \V. H. Allen, Son Co. 
Ltd., and contains (1,030 brass tubes 
each f in. diameter and 15 feet long. 
• 

Screening Plant for Circulat- 
ing Water 

Freedom from suspended matter 
is an essential point in the circulating 
water, and* this is obtained in the 
? present instance by passing it through 
disc type self-cleaning water screens 


of the patented design, manufactured 
by Messrs. I\ W. Brackett & Co. 
Ltd. There are two of these screens, 
and the whole of the circulating water 
has to pass through them before enter- 
ing the suction duct leading to the 
pumps. The principle on which these 
screens work is as follows : The rub- 
bish in the circulating water is de- 
posited on the face of the screen, and 
by the rotation of the latter, is ele- 
vated out of the water until it reaches 
the level of the cleaning jets, where 
it is thrown off into the rubbish hop- 
pers. Kaeh screen is capable of deal- 
ing with two and a half million 
gallons of water per hour, and is 
complete with the necessary pumps 
for producing the jets of water for 
cleaning above referred to. The 
capacity of this plant is sufficient for 
a further 10,000 K.W. generating set 
when installed. 

Switch House 

An interesting feature of the station 
is the arrangement of the oil-break 


switches and other apparatus neces- 
sary for controlling the electrical out- 
put. As the maintenance of a re- 
liable electrical supply depends to a 
very large extent upon this portion 
of the plant, the utmost care has been 
given to its lay-out in relation to the 
rest of the station, and the plan 
adopted is of the most up-to-date 
character. The whole of the high- 
tension switch-gear is contained in 
a separate building, a short distance 
from the turbine room, and the oil 
switches are operated by electrical 
means from the control room situated 
in an annexe of, and overlooking, the 
turbine room. In the switch house 
itself the K.H.T. switches are arranged 
in separate cubicles, each provided 
with a pair of iron doors in the ex- 
ternal walls of the building, through 
which alone access can be obtained. 

A subway between the turbine 
house and the switch house serves 
to carry the whole of the cables and 
control wiring, and is of ample size 
to permit of working or inspection 
in complete comfort. 
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W K have*so far considered 
the sources of power 
available to the manu- 
facturer, the principles 
that slu/iild govern its 
application, and the* essential ele- 
ments of the jute industry from the 
point of view of the power engineer. 
We have now to consider the most 
suitable method of distributing the 
energy from the prime mover, through 
the factory, until it. finds its applica- 
tion at the shaft of the driven ma- 
chine. This distribution system may 
comprise one or many links, and these 
links may be wholly mechanical, 
electrical and mechanical, or wholly 
electrical. 

Mechanical Distribution 

In the early days of factory driving 
in Great Britain, it was usual to find 
a Boulton and Watt engine connected 
by spur gearing to line shafting, and 
this, in turn, driving the machines by 
means of leather belts, the additional 


shafting being driven by further gears, 
either plain or bevel. Owing to the 
irregular character of the drive pro- 
duced, the power lost in transmission, 
and to the difficulty of suitably con- 
necting various shafts - frequently at 
different angles to each other to- 
gether, this system is almost wholly 
replaced in modern mills by a rope 
transmission system from the fly- 
wheel of the engine. If such a system 
is carefully thought out; in a factory 
suitably designed, it is probably the 
best mechanical distribution system 
for heavy powers. An example of a 
weaving shed drive, comprising ropes 
and bevel gears, is given in lug. I, 
where ropes from the fly-wheel of the 
engine drive the second motion shaft, 
which, in turn, drives the cross shafts 
through bevel gears. In general, a 
prime mover of slow speed and low 
output is connected to the line shaft- 
ing by ropes, chains, or belts of 
fabric or leather, and if of slow speed 
but high output, by ropes or steel 
belts. Steel belts have been intro- 
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duced on the Continent ‘for heavy 
drives of a moderately slow speed, 
and appear to have give* satisfaction. " 
There has ry)t, so far, been much ex- 
perience in England with them. 

Where the prime # mover is of high 
speed, as in the case of a turbine 
drive, if electrical transmission is not 
employed, it is usual to adopt a 
double-helical self-contained single or 
double reduction gear connected 
through a coupling to the turbine 
shaft for reducing the speed to one 
more suited to the ordinary trans- 
mission system. The slow speed 
shaft of such a gearing is then con- 
nected to the line shafting through 
ropes, chains, or belts in the ordinary 
way. In India, where this drive has 
been adopted to°a certain extent, it 
is not unusual to find the second 
motion shaft of the geared turbine 
connected through a flexible coupling 
to one of the heavier mill shafts, the 
remaining shafting only being driven 
through ropes. This system has the 
advantage of e fleeting a considerable 
saving in the power lost in trans- 
mission, in the* case of the direct 
coupled shaft, but there is a distinct 
loss of flexibility, as the turbine has, 
of necessity, to be lined up to the 
shaft, with which it has to be coupled, 
and tliis generally means placing it 
in an unsuitable position. The whole 
of the power also is transmitted 
through the reduction gear, which is 
liable to be a source of*weakness. 

It is not intended to consider closely 
the merits of the different methods of 
mechanically distributing power, but 
the following points may be of interest. 
Belts, Vhich form one of the earlier 
methods of drive, have still a definite 
function, particularly for the trans- 
mission of low powers. Indeed, 
through improvements introduced by 
manufacturers and others, their posi- 
o tion has recently been strengthened. 
The development, principally on the 
Continent, of the jockey-pulley drive, 
has extended the field for belt drives, 
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which are now designed to cope with 
short belt centres, and except ion all v 
high pulley ratios. 

If due attention is given to lay out, 
rope •drives should give satisfaction’ 
The minimum diameter of pulley 
round which the rope" has to pass 
should not be less than thirty diam- 
eters rf a reasonable rope life is de- 
sired. Driving centres also should 
not be much less than 20 feet for the 
larger powers, and the angle of drive 
should not, if possible, exceed 45 
degrees with the horizontal. The 
efficiency of rope drives is not high, 
but the drive is more flexible, and 
more steady than can be obtained 
# from gearing. 

Chain driving has come to be 
recognised us a standard® method of 
driving for moderate powers at ratios 
below (> or 7 U\ 1. The drive is 
positive, being akin to machine cut 
gearing in this respect. It is, how- 
ever, flexible in application, needs 
less aligning to shafting than gearing, 
and is, in practice, of at least equally 
high efficiency. 

Chain driving is particularly useful 
where it is found desirable to drive 
shafts from the centre with a view to 
keeping cyclic irregularity in speed 
within proper limits. Electric motors 
and chain transmission enable this to 
be done very satisfactorily. 

Electrical Distribution 

When electrical distribution is em- 
ployed, a single large electric motor 
may be installed to drive the .iflmlc 
of a factory, occupying, then, the 
position that would, in a mechanical 
system, be occupied by a turbine, 
reciprocating engine, or other prime 
mover. Instead of employing one 
large motor, a number of small 
motors can be installed to drive each 
machine on the principle known as 
the “ individual elect rjc drive.” The 
individual * motors may be direct 
coupled to the machines or drive* 
through a simple transmission link, 
as, for instance, a belt, chain or gear. 
Between these two systems lie the 
various groupings of shafting, which 
are designated “group electric driv- 
ing in large units” or “ groiy) elec- 
tric driving in small units/’ depending 
on whether the motors are large ancl 
drive a number of shafts, or small 
and driving only small groups of 
shafts. Just as there is no gulden 
rule as to what transmission system 
should be 'employed, so is there no 
golden rule as to the system of 
electric driving that should be 


adopted. Each ease has to be care- 
fully considered <>n its merits, and 
in the light of experience gained in 
a similar class of work. Certain 
guiding considerations can, however, 
be laid down. In general, the in- 
stallation of a single large motor, 
involving as it does the retention of 
a complicated mechanical power trans- 
mission system with its many defects, 
brings few, if any, of the advantages 
of electrical driving, and is not to be 
recommended, nor indeed is the un- 
eonsidered adoption of individual 
electric driving. While undoubtedly 
tile ideal drive, where motors exist, 
as they now do in almost every case, 
suited to the work to which it is pro- 
posed to set them, individual drive 
is, in many instances, more costly 
than group drive. Where this is the 
case, its application should be con- 
fined to machines where it can be 
shown that its installation has a 
c« in n lercia 1 ad va n t age . 

The dividing, of the shafting into 
large or small groups is governed to 
a certain extent by the desire to 
reduce the lengths of line shafting, 
in order to reduce the speed variation 
or friction losses, and also by the 


nature of the processes carried on, 
which, in some cases, require certain 
departments to be driven independ- 
ently on account of overtime and of 
separate power costing. 

The principle of providing separ- 
ately controlled drives for each de- 
partment is not difficult to apply in 
a jute factory, particularly in India, 
where almost all the mills are on the 
shed principle, and the raw material 
from the godowns is, as a rule, 
arranged to enter at one end of the 
building, and to pass through the 
successive departments until it reaches 
the baling-presses as a finished article. 

Each department is generally driven 
by one or more line shafts running 
parallel to each other across the full 
width of the building, there being 
about eight such shafts in a 500 loom 
mill, and a similar number of shafts, 
but of much less power, in the weaving 
shed. In a mechanically -driven mill 
these shafts are usually connected by 
ropes running in a rope race to the 
engine. In arranging for the con- 
version of this type of mill to electrfP* 
drive, motors may be placed in the 
rope alley-way and connected by 
belts or ropes to each separate shaft. 
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Weaving shed shafts, which generally 
run at about I HO r.p.m., are best 
driven l>y chain, one motor being 
placed between two shafts and driving 
both, or one shaft only. 

Electric motors may be placed at 
the ends of the shafts they have to 
drive, or in the middle. Placing them 
in the middle has the important ad- 
vantage that cyclic variations in speed 
are very much reduced, but, on the 
other hand, the overhead view is in- 
terfered with, and separate steel plat- 
forms have to be provided to carry 
the motors. There is one important 
exception to this. The design ot 
many Indian jute mills is such that 
it is possible and practicable to place 
motors over the centres of the shafts 
they have to drive, connecting them 
to these shafts by chains, the motors 
themselves being suitably housed in 
a simple super-structure raised on the 
flat mill roof. If placed at the ends, 
the motors are in the clean atmos- 
phere of the alley-way, but the speed 
irregularity of the shafts may be 
excessive, particularly if the shafts 
exceed, say, 300 feet in length, as 
they do in many Calcutta mills, 
where at least one shaft 700 feet long 
is installed. In general, it is de- 
sirable to drive weaving shed shafts 
which are light subject to tonsider- 
t .~ble variations in torque, and require 
only small powers, from the middle, 
and the heavier shafts from the end, 
or if of exceptional length, from both 


ends. Weaving shed shafts should 
not, under anv circumstances, be run 
at a speed beyond that which gives 
approximately a one-to-one pulley 
ratio. An attempt was made a short 
time ago to increase the speeds of 
weaving shed shafts to 308 r.p.m., 
with results that might have been 
foretold, when it is remembered that 
a jute loom requires over twice normal 
torque at the start, is frequently 
starting and stopping, and has, be- 
sides, a very irregular torque curve. 
In this case the motors had to be 
removed, and the shafting reduced 
to the normal speed. The modern 
method of driving spinning frames 
and preparing room shafts is to run 
them at 485 r.p.m., the softener and 
end shafts being sometimes run at a 
slower speed, and couple the motors 
direct to the shafts through flexible 
couplings. The shafting can be quite 
satisfactorily run at this speed, and 
the pulley ratios for the usual machine 
speeds are very satisfactory, and a 
distinct improvement on the ratios 
in general use in mechanically-driven 
mills. 

If a machine runs intermittently, or 
requires complicated shafting to drive 
it, it is probable that it will be de- 
sirable to draft* it individually. If, 
too, an exceptionally steady speed is 
required, as is the case, for instance, 
with spinning frames and automatic 
looms, individual drive will almost 
certainly prove most suitable. It is, 
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further, eminently desirable that all 
irregularly-running marines, that is, 
machines wlycli “ start ” and “ stop"" 
frequently, or machines, on the other 
hand, that have an irregular Urque, 
should not be allowed to interfere 
with the st8ady running of other 
machines on the same line shafting. 
These should, therefore, be driven by 
individual motors. 

Reference to Fig. 2 will show the 
serious effect on the power load of a 
line shaft in a jute mill of the irregular 
torque of a jute mangle driven from 
the shaft, and no further illustration 
should* be needed of the . importance 
of removing such irregular running 
machines from line shafting which has, 
to drive machines that*need a steady 
speed. A Similar case would be that 
of spinning mules in a cotton mill. 

Here it is clearly desirable that the 
mules should be separately driven, 
and not allowed to interfere with 
the smooth running of other ma- 
chines. Softeners should be individu- 
ally driven. They furnish an irregular 
load, and long line shafting idle for 
the greater part of its length is re- ^ i 
quired to drive them on the group 
system. Spinning frames lend them- 
selves admirably to individual drive. 

An example of a drive suitable for 
slubbing, roving and spinning frames 
is given in Fig. 3, the illustration 
being from an installation put down 
by the author in an asbestos factory. 
This, it may be added, is the only 
illustration given in the paper which 
is not taken from a jute factory. 
l)ir#t't-coupled motors can be used for 
spinning frames where the speed of 
the tin drums can be increased to 
permit of a motor of standard speed 
being used. lit this case, however, 
the motor must be of special design, 
or the drive so arranged as not to give 
too abrupt a start, which is liable to 
cause yarn breakage in frames of the 
“ Flyer " type. 

For looms, the individual electric 
drive is ideal, and its application for 
this purpose has beey exceptionally 
rapid. It will be possible to deal 
with only a few of the leading features 
of this drive. Fully-enclosed 3-phase 
motors, capable of giving a high start- 
ing torque* with a remarkably high 
efficiency over a wide range of load, 
and arranged to be suitable for belt 
or single reduction gear drive, are 
employed. In the case of the belt, , 
drivp, springs are introduced into the 
motor mounting, so as to give the 
flexibility needed to deal .with shafts 
wliic^i are sometimes out of truth. 
When gear drive is desirable, as in * 


the case of low speeds, and for delicate 
materials, a slipping coupling is intro 
duced, which %s so adjusted as # not to 
slip at start, bift only on the abnormal 
overload produced by what is known 
to tHe textile manufacturer as a 
" knock-off. ” 

The most remarkable feature of 
individual loom drive is the increase 
in production that results from its use. 
Through the courtesy of the agents of 
a large Indian mill -the Wellington 
Jute Mill, Calcutta, where he in- 
stalled this drive, the author has re- 
ceived permission to publish com- 
parative tests taken over a period of 
twelve months between some hun- 
dreds of looms running on “ hessians ” 
mnd “ sackings^" and driven mechanic- 
ally by a modern reciprocating engine, 
and a similar number of lfloms in the 
same mill, and driven by individual 
electric motors. .The individually 
driven “ hessian ” looms showed an 
increase in production of 13 per cent., 
and the “ sacking " looms an increase 
of 8 per cent, over their mechanically- 
driven neighbours. In the mill engin- 
eer’s report it is stated tnat the coal 
consumption with the steam drive is 
very considerably in excess of that 
with the electrical drive, but there is 
a very considerable saving in regard 
to labour and oil, and, what is of 
considerable importance, in mechani- 
cal upkeep on the looms, and he con- 
cludes * “It is possible to build a 
loom and drive it. electrically, paying 
for it by the amount saved in running 
cost, together with the increased pro- 
duction, in a period of from three to 
four years, or even less, if an excep- 
tionally prosperous season and market 
favour one.” 

Individual eleetihj drive should 
be applied to dressing machines, damp- 
ing machines which run intermittently, 
to calenders , mangles, and hydraulic 
pumps which provide an irregular 
load, cropping machines, measuring 
machines and calender's, and indeed 
all machined which do not run con- 
tinuously, should also be put on 
single motor drive. 

The individual electric driving of 
calenders, with chain transmission, 
has proved very successful in practice, 
and also a similar motor arrangement 
with gear or worm drive. \ small 
motor is provided for driving thy 
auxiliary shaft. 

For driving mangles, laminated 
belting has proved satisfactory, the 
motor being of the slipring type,’ and 
fitted with a large fly-wheel to enable 
the p>eaks *of the load curve to be 
negotiated. 


The Advantages of Electric 
Driving * 

Much has l>een written in favour 
of electric driving in the factory and 
the workshop, and it would not serve 
a useful purpose to go over old ground. 
There is, however, one outstanding 
feature of the drive which will prob- 
ably, from what has been said, stand 
out "in bold relief in most minds, and 
that is, the increase in productivity 
of machinery that the proper applica- 
tion of electricity can give. The 
amount of this increase is dependent 
jiaturally on how far the best use lias 
been made in the lay-out of the ad- 
vantages of the drive. It varies with 
the class of material dealt with, and 
while it is obtainable with group, as 
well as with individual electric drive, 
it is in connection with the latter that 
it most, definitely manifests itself. So 
far has this been recognised, that, to 
quote a recent writer, Mr. W. Sut- 
cliffe, “ one of the largest textile 
combinations in this country decided, 
some years ago, after considerable 
experience, to adopt individual driv- 
ing for all machines other than those 
connected with the preparatory pro- 
cesses, the chief factor influencing the 
decision lxfing the superiority of the 
drive for spinning and finishing, as 
shown by the improved evenness and 
quality of the finished goods. This 
firm lias now upwards of 11,000 
induction motors operating in their 
various mills, the great majority of 


these being under 10 h.ji., of the 
squirrel cage type, and driving in- 
dividual machines." When it is 
added that the author lias, during 
the past ten years, and notwithstand- 
ing the war, installed over 15,000 
"individual drive motors, it will be 
clear that the merits of this drive 
have come to be recognised by the 
most conservative manufacturers. 

The great advantage of any increase 
in* productivity secured through im- 
proved methods of driving lies in the 
fact that it i$ obtained without any 
increase in machinery, in building 
space, rent, rates, or taxes, and its 
effect on profits issconsequeittly more 
striking. The author was able to 
show, a few years ago,* that an 
increase of 10 ner cent, in the pro- 
duction of a ba^ashne weaving shed 
which was obtained through indi- 
vidual electric driving, was equivalent 
to an increase in profits of over 30 per 
cent., and while it has not been 
possible to obtain the detailed inlor- 
mation necessary for a similar general 
investigation in the case of the jute 
industry, sufficient data has been 
obtained to show that for Indian jute 
mills in particular, the effect on 
profits of such an increase is more 
nearly 50 per cent, than 30 per 
cent. 

* "Tlu* Individual KIimI, ical Drivi* in 
Wravinii Shed s ” Journal of tin’ Association 
"I Managers <>f Textile ll orA-s, Manh, 110 2. 


Individual Drives In Weaving Shed 
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Belt Drive to Line Shaft 


This is a striking result, and, in tlu; 
author’s view, furnishes a solution, it 
not indeed the only solution of the 
problem, that *s facing the manu- 
facturer who has put down a new 
mill, during or since the war, and 
finds himself forced to carry a very 
greatly increased capital expenditure, 
and, at the same time, to compete 
with mills erected in happier circum- 
stances, and the greater part of whose 
capital has, in many casts, been 
written off. 

If electricity furnishes the solution 
of this serious w^r problem, and the 
author believes that it does, it will, as 
the chairman pointed out in his open- 
ing remarks, have done for this genera- 
tion what the steam engine of James 
Watt did for the generation that lived 
in the depression following the Na- 
poleanic Wars— an achievement that 
it must be conceded would be no 
mean contribution to the solution of 
the peace problems of the world. The 
* Mthor desired to acknowledge his 
indebtedness to the Chairman (Mr. 
MeKenziel and the Committee of 


the Indian Jute Mills Association, 
for very valuable assistance ; to the 
Chairman and Secretary of tli^* 
Association of Jute Manufacturers 
and Spinners, Dundee ; the Secretary, 
the Chamber of Commerce, Dundee ; 
to Mr. T. L. Miller, of Dundee ; and 
to Mr. C. R. Orr, Edinburgh, who 
kindly read through the proofs, and 
whose kindly criticism was very help- 
ful ; and, finally, to the English 
Electric Company, for permission to 
use the various photographs of plant. 


CORRECTION 

In our December issue the caption 
under the illustrations of the Garrett 
patent locomotive had been traifc- 
posed ; that itKder photo on page 275 
applying to the engine on page 27b, 
and that under the illustration on the 
latter page applying to the engine on 
page 275. 


ROLLER BEARINGS FOR 
RAILWAY ROLLING 
. STOCK 

The English daily papers » have 
recently been printing somewhat ex- 
aggerated accounts of the tests being 
carried on by the Great Eastern 
Railway Company in connection with 
the use of roller bearings for railway 
rolling stock. While, however, their 
optimistic forecasts as to the 
economies likely to result from the 
successful outcome of the experiments 
now being conducted must be dis- 
counted, there is undoubtedly great 
interest being taken in tlie matter in 
view of the advantages to be gained # 
from the effective wse of roller 
bearings. ^ >f course, the idea is not 
at all new, and the bearing, which 
was first introduced in Sweden, has 
been applied to ' passenger train 
vehicles in that country with marked 
success. It is also now being applied 
to a complete passenger train in 
England. The chief difficulty hitherto 
experienced, has been to discover 
a metal which would stand up to the 
load imposed upon hearings by heavy 
rolling stock, but recent research 
work has tendered it possible to 
specify a steel which, it is claimed, 
will meet all requirements. The 
subject is of the greatest importance 
in view of the effect on haulage costs 
which would be associated with the 
successful adaption of roller bearings 
to railway vehicles. 

In the design under trial the 
bcuvjig includes a series or rollers of 
particularly hard but not brittle 
steel, mounted in a chain-type carrier, 
and arranged to run between two 
annular members, one surrounding 
the axle, and the other fitted into the 
axle-box. In yard tests a stationary 
27 -ton vehicle can be moved by one 
man on level track, and the further 
tests now proceeding are intended to 
show whether ‘the rollers will with- 
stand heavy service conditions. We 
shall watch developments with in- 
terest, and return to the subject in 
due course. 
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The Brotherhood-Still” Heavy Oil Engine 

• * 

l he if tit it iD'ii illustrations for this article have heen supplied 
9 hy conrUsy of *\l rs<rs. Peter Hrtdherhood Ltd., Vctcrhoiough 


W li illustrate in this article 
a new design of prime 
mover, embodying the 
well - known “ Still " 
principles. This new 
engine lias* been put on the market 
by Messrs. Peter brotherhood Ltd., 
'of Peterborough, and the diagram- 
matic view gives a very ^ear idea of 
its general construction and arrange 
inent. 

It will be noteef that the oil engine 
side of the piston operates on the 
4-stroke principle, and the steam side 
is operated with quick action piston 
valves. 

The general principles involved, 
from a practical point of view, follow, 
of course, the “ Still " idea, wherein 
the heat of the exhaust gases and 
from the water jacket are utilised to 
supply steam to the lower side of the 
main piston, resulting in a prime 
mover of very much greater effi- 
ciency than the pure Diesel ” engine. 

The heat balance chart illustrated, 
kindly supplied by Messrs. Peter 
Brotherhood Ltd., shows very clearly 
where the different heat losses take 
place, and also how a portion of fliese 
losses are utilised for developing 
useful work in the new design. 

Researches and Experiments by 
this firm, extending over many years, 
have now resulted in a heavy oil 
engine showing an economy hitherto 
unattained in any form of prime 
mover which relies on combustion of 
fuel for the production of power. The 
fundamental principle of the Still 
patents is the recovery of heat which 
in other types *>f internal combustion 
engines is lost. The two main sources 
of loss are the heat absorbed by the 
water jackets and that passed out in 
the exhaust gases. In the ^t ill engine 
a large proportion of both is converted 
into steam, and used to develop addi- 
tional power in the engine. 

An engine working on.this principle 
may rightly be described as a com- 
bined internal combustion and s£eam 
engine, possessing the merits of 
both, ancf suitable for use in 
almost any case where power is 


required, and liquid or gaseous fuel 
is available. 

The “ Brotherhood Still ” engines 
' ire supplied for any power up to 1 ,100 
b.h.p., under guarantees as to relia- 
bility and economy. 

The principle on which the .Still 
engine works is shown diagrammatic- 
allv on page 404. The engine is 
started by burning oil fuel under the 
regenerator, steam being admitted 
direct to the steam chest by opening 
the stop valve. It is then admitted 
to the under side of the piston by 


quick action piston valves driven off 
the camshaft, in precisely the same 
manner as in a steam engine. After 
the engine is turning round, the oil 
fuel is turned on to the fuel injection 
valve, to which 4he fuel is supplied 
by a solid injection pump. 

The exhaust gases arc led to the 
regenerator, where their heat is ab- 
sorbed in the /generation of steam, 
and thence through a feed water 
heater to the exhaust outlet and 
atmosphere. 

The water jackets form a thermo- 
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Reviews 

Filtration. -By T. Roland Wollas- 


circnlating system in parallel with the 
regenerator, so that the temperature 
in the jackets^ constant, and corres- 
ponds to the pressure of steam in the 
regeijprator. By thus maintaining a 
relatively high temperature in the 
jackets, a much lowef compression 
pressure is required to ignite the fuel, 
as the # air takes up heat from the hot 
walls and piston during the com- 
pression stroke. 

From the same cause, on the tiling 
stroke the heat loss to the jackets is 
reduced, and the combustion effi- 
ciency correspondingly increased. 

The steam, during admission and 
expansion, *is at a lower temperature 
. than the enclosing walls, and con- 
densation in Jhe cylinder, the cause 
of the largest loss in a steam cylinder, 
is avoided. * 

It will thus be seen that on the oil 
and steam sides «of the piston, the 
internal losses are very greatly re- 
duced, owing to the high temperature 
of the cylinder walls. 

Reference Schedule 

J. Combustion chamber. 

2. Reinforcing steel hoop. 

3. Inlet valve (combustion). 

4. Kxhaust valve (combustion). 

f>. Combustion exhaust pipe to generator. 
<i. Kxhaust generator. 

7. Feed water heater. 

8. Final combustion exhaust to atmos- 

phere. 

9. Injection valve. 

10. Main steam pipe. 

1 1. Steam inlet and exhaust valve. 

12. Steam cylinder. •* 

13. Steam exhaust pipe. 

14. Condenser. 

1T>. Suction pipe to air pump, 
ltt. Air pump. 

17. Hotwcll. 

18. Feed pump. 

19. Feed discharge pipe to feed water heater- 

20. Feed discharge pipe, feed heater to ex- 

haust generator. • 

21. Feed cheek valve. 

22. Condenser circulating pump. 

23. Circulating water : exhaust generator to 

jacket. 

24. Circulating water : jacket to exhaust 

generator. 

. 25. Circulating water : exhausfcgenerator to 
circulating pump. t 

26. Cylinder head circulating water pump, 

27. Circulating water : circulating pump to 

cylinder head. 

28. Circulating water : cylinder head to ex- 

haust generator. • 

29. Fuel injection pump. 

Note ; See page 466 showing diagram of heat 
balance. 


ton, M.I.Mech.K. Published by Str 
Isaac Pitman & Sons Ltd., Parker ' 
Street, Kingsway, London, W.C.2. 
price 2/0 nett. 

I N this little publication, which is 
marked No. 47 of tjie very ex- 
cellent series of Pitman's Prim- 
ers, Mr. Wollaston deals with 
the subject of 44 Filtration " in 
the space of about one hundred pages, 
and covers the subject in a very com- 
prehensive manner. 

It is, of course, quite impossible to 
deal with a subject of this nature in 
anything like an exhaustive manner 
in so small a space, but Mr. Wollaston 
has brought a practical mind to bear 
on the subject, and has recorded the 
salient features of each of the princi- 
pal methods in use for the various 
departments of industrial filtration. 

Chemical precipitation, coagulation 
and sedimentation are dealt with in 
relation to the filtration of water ; the 
subject is then carried on to the 
physical action of filters, and in the 
third chapter the chemical and bac- 
terial action in filtration is dealt with. 

In Chapter IV the subject of cloth 
filters, filter presess, etc., is dealt with, 
when a number of leading designs of 
filters are described in some detail. 
This section is continued in Chapter V 
under the heading of 44 Filtration of 
Public Supply Water." 

Chapter VI is devoted to the cen- 
trifugal and vacuum filtration method, 
and in Chapter VII the filtration and 
clarification of oil is dealt with. 

Finally, in Chapter VIII the filtra- 
tion of air is gone into, and it records 
some of the salient facts regarding 
the important subject of the air we 
breathe ; where Mr. Wollaston deals 
with the earils of atmospheric pollution 
and the filtration necessary for ven- 
tilating buildings, and finally deals 
with one of the most recent develop- 
ments in this subject, namely, 44 Elec- 
trostatic Precipitation." 

We would like to say, in reviewing 
these little primers, that we cannot 
too strongly recommend them to our 
retiders in a country like India, which 
has hardly yet touched the fringe of 
its industrial development. It is 
most essential that all those who have 
India's industrial development at 
heart should obtain at least an ele- 
mentary knowledge of all funda- 


mental industrial processes. Modem 
industry has become so complex, that 
even one small branch of industry is 
interconnected with a number of other 
branches, and no one can claim to be 
a specialist in any one branch without' 
also having some fundamental know- 
ledge of a number of other inter- 
connected branches. 

Another important value of these 
primers is that they give in simple 
language the elementary introduction- 
to the particular ^branch of industry 
dealt with, and we would recommend 
to all our readers who write to us for 
advice in the starting up of various 
industries, to cbtain a complete list 
of all primers published, when they 
would be able to secure at very little 
cost, up-to-date literature which would 
be a starting-point for their investiga- 
tions. 


THE SOUTH INDIA 
RAILWAY 

The Report of the South Indian Rail- 
way Company for the year ending 
March 31st, 1922, is an interesting 
one, and while it reflects the great 
increase in working costs, it also 
shows a satisfactory increment in 
gross earnings. For the year the 
gross earnings were Rs. 4,40,03,089, 
and the working expenses Rs. 
3,15,57,197, the net earnings being, 
therefore, Rs. 1,24,45,892. As com- 
pared with the previous year, the 
earnings from coaching traffic rose 
by Rs. 9,80,323, goods traffic by 
Rs. 15,09,708, steamboat earnings 
by Rs. 2,30,559, and telegraph and 
sundries by Rs. 4,94,403 During 
the year Rs. 142,22,084 were ex- 
pended on capital account, the major 
portion of this item being on the 
provision of locomotive and carriage 
and wagon stock, while important 
engineering works, involved in the 
provision of additional facilities at 
stations for dealing with traffic, 
strengthening and improving the per- 
manent way, and the strengthening 
of bridges, cost a considerable sum. 
The 44 operating ratio " or percentage 
of working expenses to gross earnings 
was 71.31. this comparing with 60.98 
for the previous year, and 54.65 fo ^ 
the year 1919-20. The growth of 
this item is serious, but it is hoped 
in the current year to be able to 
effect considerable reductions. 
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Electrical Equipment in 
Railway Service 

Some interesting figures relative to 
the utilisation of electrical equipment 
in railroad service are given in a recent 
issue of the American Railway Elec- 
trical Engineer. On the New York, 
New Haven and Hartford, which has 
550 miles of electrified track, each 
locomotive averaged 60,000 miles 
annually, and there was only one 
failure per 33,000 miles k The freight 
locomotive mileage per locomotive 
failure was approximately 22,500, 
and it is worth noting that, while 
these locomotives make two round 
trips aggregating 272 miles per day, 
the daily locomotive mileage under 
steam operation was between 100 and 
120. Electric shunting locomotives 
have replaced steam locomotives in 
the ratio of 2 to 1, and have realsied 
a coal saving of 6£ per cent. As 
showing the hauling possibilities of 
the electric locomotive, it is pointed 
out that on the Norfolk and Western 
Railway, two 300-ton electric loco- 
motives now haul trains of over 3,000 
tons at 14 m.p.h., whereas previously 
three Mallet steam efigines were re- 
quired, the speed then being 7 m.p.h. 
Reliability in operation is another 
advantage claimed for the electric 
locomotive, and the experience of 
the Pennsylvania Railroad is of value 
in this regard. On the Philadelphia 
suburban service of that railroad, 
about 600 trains per day afe now 
operated, as compared with 160 
under steam conditions, while during 
a recent year, when nearly 3,000,000 
car-miles were run, there wa$ an 
average of over 48,000 car-miles per 
detention. Similar useful figures are 
given relative to service on the New 
York, Westchester and Boston, and 


the Chicago, Milwaukee and St. Paul 
Railways all indicating that where 
electrified working has been intro- 
duced it has proved to have advan- 
tages over steam practice, both in 
connection with availability, relia- 
bility, service and cost. 

AAA 


A New Harbour for Kiel 

It is claimed that Kiel is one of the 
best natural harbours in Europe, and 
that, being situated on a main line 
of traffic, it possesses many advan- 
tages as a commercial port. Con- 
siderable developments are pending 
in connection with the reconstruction, 
<ind, according to the Shipbuilding 
and Shipping Record , a large closed 
industrial harbour is to be estab- 
lished at Vossbrook, north of the 
mouth of the Nord-Ostee Canal. 
There are to be 8,200 feet of quays 
and extensive warehouses, and it is 
understood that while the develop- 
ment of the harbour will be entrusted 
to a large company, both the State 
and the town will retain an interest. 
Kiel has excellent facilities at other 
harbours. In the Wik there is about 
3,280 ft. of deep-water quay space, 
with 2J-ton and lj-ton electric portal 
cranes, together with 54,000 square 
feet of sorting and storage space. At 
the north harbour there will be 
1,640 ft. qf quays, with 28 ft. of water 
and at least 65,000 square feet of 
v^rehouse space. Additionally, there 
is a 12,000-ton silo-storage, with 500 ft. 
of quays and a complete pneumatic 
conveying installation, which will 
provide for the direct transfer of 
grain either to storage or into 
railway wagons or Baltic vessels. 


The East Indian Railway 
Company 

At the 75th half-yearly general meet- 
ing of the East Indian Railway Com- 
pany, held in London, on January 
24th, the Chairman (Sir David M. 
Barbour, K.C.S.I., K.C.M.G.) stated 
that the gross earnings of the under- 
taking for tlie half-year were Rs. 797 
lakhs, as compared with Rs. 755 lakhs 
in the corresponding period of the 
previous year, and with Rs. 729 in 

1920. Of course, in connection with 
these improved figures, it has to be 
remembered that fares and freights 
were higher, and they had actually 
carried less goods tralfic and fewer 
passengers. The expenditure for the 
half-year came to Rs. 488 lakhs, as 
compared with Rs. 430 lakhs in the 
half-year ending September 30th, 

1921, this being an increase of 13.49 
per cent. The operating ratio rose 
from 56.98 to 61.25 per cent., and 
this required careful examination. To 
realise improvement, especially in 
connection with claims, the railway 
watch and ward department was being 
reorganised, the commercial depart- 
ment strengthened, and other arrange- 
ments made. The Chairman said he 
was glad to notice that, while there 
has been a considerable trade de- 
pression in India, trade now seemed 
to be reviving, and there could be 
no doubt that, on a line such as 
the East Indian Railway, there 
would be a continuous growth of 
traffic carried and of gross receipts, 
although there might be occasional 
set-backs. It was also reported that 
Sir Robert Highet, Deputy-Chffl-* 
man, had gone to India on busi- 
ness connected wi^h the Company's 
property. 
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I*he Omnibus versus the 
Tram • 

As an extremely useful and essentially 
mobile transport medium, the motor 
vehicle has definitely established itself 
in all parts of the world. Even in big 
cities, where electrified tramway ser- 
vices are operated, opinion is now 
tending towards a preference for the 
petrol-driven omnibus as a more 
effective agent for the transportation 
[)f dense crowds of passengers. One 
thing is certain, the omnibus has a 
flexibility all its own. Whereas the 
trams are tied to their lines of rails, 
the omnibuses can cjeviate from their 
normal course as occasion requires. 
In the case of a densely-operated tram 
service, moreover, it frequently hap- 
pens that there is congestion caused 
by the relatively Lng stoppage, 
possibly owing to a slight defect, of 
the leading tram, with the result that 
the whole line becomes immobile un- 
less there i& some convenient junction 
where they may diverge on to other 
tracks. Not so with the omnibus. 
Its flexibility, possibly manifested at 
Its highest point in London traffic, 
mables each unit to run entirely in- 
lependent of others. Apart from its 
letermined stops, and detentions by 
jrder of the trathc-regulating police, 
;ach ‘bus is able to get about its 
business at a fast over-all speed, and 
;here can be little doubt that com- 
parison on a fair basis between the 
;ram and the omnibus would show 
in overwhelming advantage for the 
atter, both in cost of operating and 
;onvenience. Recognition of this 
act is undoubtedly prompting the 
levelopment of omnibus services in 
nany quarters as distinct from tram- 
vay extensions, 

* * * 

Sreat Indian Peninsula 
tailway Company 

T is an interesting commentary upon 
he progress of the Great Indian 
’eninsula Railway to notice that the 
1 operating ratio,” which was 95.49 
>er cent, in the corresponding period 
if the previous year, had been re- 
luced to 84.63 per cent, for the half- 
p ear ended September 30th, 1922. 
'ommenting upon the serious charac- 
er of this burden at the time, we 
'entured the opinion that great im- 
►rovements would soon be nu.de, and 
-c confirmed in our views by the 
igures now before us. On September 
SOth, 1921, the Company was faced 
vith the heavy deficit of Rs. 144 lakhs, 
vhereas on September 30th, 1922, the 


deficit has been reduced to Rs. 84 
lakhs. Gross earnings increased 6.40 
per cent.j and expenditure decreased 
5.70 per cent, in the half-year. Mr. 
J. K. Dallas, Managing Director, who 
presided at the meeting, in the place 
of the Chairman, Sir Charles Arm- 
strong, who was absent in India on 
the business of the Company, stated 
that while the long-wished-for revival 
in trade did not materialise in 1922, 
they had at least made progress in the 
right direction. He further intimated 
that the expenditure side of the 
account was being subjected to rigor- 
ous examination, and no pains were 
being spared to enforce every economy 
that could be effected without impair- 
ing efficiency. Sanction had been re- 
ceived, said Mr. Dallas, for the electri- 
fication of the first 30 miles of the 
Bombay suburban electrification, and 
contracts would shortly be let out for 
the track-work and special rolling 
stock. 
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Rohilkund and Kumaon 
Railway Company 

The ordinary general meeting of the 
Rohilkund and Kumaon Railway 
Company was held in London on 
January 23rd, when Sir Henry P. 
Burt, K.C.I.K., C.B.E., Chairman 
and Managing Director, who presided, 
announced that the financial results 
for the year ended September 30th, 
1922, were not quite so satisfactory 
as in the previous year. The gross 
receipts of the undertaking showed 
an increase of Rs. 5.2 lakhs, or 8.S per 
cent., this being due mainly to the 
higher rates and fares levied, as there 
had been no appreciable improvement 
in the volume of passenger and freight 
traffic carried. On the other side of 
the account, working expenses had 
advanced by Rs. 5.6, which absorbed 
the gain in the gross receipts, the 
result being that the net earnings 
actually showed a decrease of Rs. 
39,301, while the “ operating ratio ”~ 
the percentage of working expenses 
to gross receipts — had advanced from 
52.05 per cent, to 56.61 per cent. 
With regard to extensions, the Chair- 
man said that the Company had 
never hesitated in the past to develop 
the area served by the railway when- 
ever the traffic prospects justified the 
expenditure Jmt there were now diffi- 
culties in the way. One project, a 
line from Kashipur to Kalagarh, was 
being urgently pressed for by the 
Local Government, to develop the 
large timber resources of the Patli 


Dun, and while there was little doubt 
that in due course the branch would 
give a satisfactory retufn, for some 
time they were not expected to afford 
a return of 3J per cent. On this basis 
they could not at present entertain 
the proposal, ^hile they had also to 
remember that their contract might 
be terminated in 1932. 

* A A 

The World’s Shipping 

• The world's record year for ship- 
building* was 1919, when vessels 
aggregating 7 million tons were 
launched. Since then there has been 
a progressive decline, ami for a con- 
siderable period the shipbuilding in- 
dustry has had a very lean time. 
From “ Lloyd’s Register Annual Sum- 
mary of Shipbuilding during 1922,” 
which has recently been published, it 
is noted that throughout the world 
only 852 vessels were launched during 
the year, the aggregate tonnage being, 
roughly, 2£ million tons gross. This 
is an appreciable decrease as com- 
pared with 1921, when nearly 4J 
million tons gross was the output. 
Fortunately, however, there has re- 
cently been a great increase in the 
activities of those interested in ship- 
building, and it is confidently ex- 
pected by those ir a position to know 
that the present year will have a far 
bigger output than 1922. The re- 
turns show that in Great Britain and 
Ireland 91 vessels of between 5,000 
and 1 10,000 tons each, and 17,000 
vessels of 10,000 tons and upwards 
were launched, the Franconia, of 
20,000 tons, being the largest. Con- 
siderable progress was made during 
the year in the use of steam turbines, 
while of the many motor vessels 
launched, nine were of 5,000 tons and 
upwards, with one of about 9,500 
tons. The main countries contribut- 
ing to the foreign-built tonnage are 
Germany, France, Holland, United 
States, Italy and Japan. 
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A North Sea Train Ferry 

“ Breaking bulk ” in freight trans- 
port work is one of those functions 
that is both expensive and, often- 
times, unnecessary. It is axiomatic 
that transport costs are largely de- 
pendent upon the “ terminal ” func- 
tions, and where it is possible to 
eradicate the time and cost involved 
in transference from railway to rail- 
way, or from railway to sea transport, 
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or vice versa , it is extremely important 
to do so. It is for this reason that 
train ferries f are proving so popular 
in many quarters, and the most recent 
to be established is that between 
Harwich, on the East Coast of 
England, and the Consent. Instead 
of all traffic having to be handled four 
times, as at present, the use of the 
train ferry will cut out two handlings, 
and will expedite the transits. There 
are many such train ferrie6 now oper- 
ating with advantage. Both in the 
United States and Canada they are a 
regular feature of railway operation, 
while the best known in Europe 
are the Treleborg-Sassnitz, the Ware- 
munde-Gjedser, the Korsoer-Nyborg, 
» and the Co^enhagen-Malmo, all of 
which give communication with Den- 
mark. The sea distances traversed 
range up to between 50 and 60 miles, 
but in the United States the well- 
known Take Michigan route is 240 
miles long. There can be little doubt 
that train ferries will be one of the 
most important future developments 
in connection with railway operation, 
as wherever they have been used, they 
have proved to be profitable and ad- 
vantageous. 

* * * 

Feeders to the Main Line 
Railways • 

If a country’s resources are to be 
developed to the greatest possible 
extent, it is essential that there should 
be adequate auxiliaries to the trunk 
railway lines. These may tak<»* the 
form of light railway facilities, oV road 
motor vehicles, though in the latter 
case it is usually necessary to have 
reasonably good roafls. Canals and 
waterways, where such are available, 
may also be used to a limited extent, 
but except for specific classes of traffic, 
they are unable to compete effectively 
with a light railway or a well-arranged 
road motoi; service. 'There is con- 
siderable disagreement as to the best 
means of solving what might be called 
the pioneer transport problem, and 
advocates of light railways, road 
motor services, etc., naturally adhere 
to their special field, but the truth is 
that each case should be-decided on 
its merits. Nowadays, there are com- 
posite means available for develop- 
ing transport in difficult districts, and 
these have a special clpim for con- 
sideration. There is the loco-tractor, 
or the road-rail system of traction, to 
which extended reference has been 
made in these pages, and there is also 
the newer idea termed the “ Moto- 


railer." Neither of these can be dis- 
missed lightly in contemplating the 
improvement of transport facilities 
in difficult districts, as botlvlof them 
possess advantages, both in regard to 
first cost and maintenance, that en- 
title them to careful consideration. 
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New Liner for the Orient Line — 
Vickers* Latest Order , 

After a period of stagnation in the 
shipbuilding and marine engineering 
industry at Barrow, unprecedented 
as regards the dearth of orders in the 
history of the town, Messrs. Vickers 
Limited have succeeded in the face 
of very keen competition, in securing 
new work for their Barrow establish- 
ment, in the form of a first-class pass- 
enger liner of approximately 20,000 
tons measurement for the Orient line. 

The Barrow Works of Vickers 
Limited have in the past been the 
cradle of many of the finest and most 
famous naval and mercantile ships 
which the world has seen. The name 
of Vickers is almost household where 
naval shipbuilding of the very highest 
class is concerned. The splendid 
workmanship for which Vickers Ltd. 
have become justly famous is equally 
demonstrated in their production of 
ships for the mercantile marine, and 
there is no doubt whatever that the 
Orient liner which they have now 
contracted to build will, when com- 
pleted, worthily uphold the great 
traditions of the Vickers firm. 

The propelling machinery will be 
tMrbines, driving through single re- 
duction gearing, and the boilers will 
be arranged for oil fuel. 

When completed, the vessel will be 
a handsome addition to the already 
fine fleet of ships operated by the 
Orient Line, and will take up service 
between Great Britain and Australia 
- a further link connecting the Home- 
land with its most distant outpost of 
Empire. 
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Mechanical Stoking for 
Marine Work 

A very interesting and most suc- 
cessful sepes of trials have been 
completed with the Underfeed type 
“ E " mechanical stoker, as supplied 
by Messrs. The Underfeed Stoker Co. 
Ltd., of London, on two Dutch vessels 
belonging to the Koninklyke Paket- 
vaart Maatschappy, of Amsterdam. 

As is well known, mechanical stok- 
ing has never made any real headway 


at sea, although some of the earliest 
stokers of nearly a century ago were 
designed sjSecifically for marine work. 
The Dutch steamship company in 
question first equipped their ss. 
Binloehatt , which is fitted with 4 ‘ Bab- 
cock and Wilcox " marine boilers, 
with the Underfeed type “ K " stoker 
because they were not able to get full 
output on the boilers with hand 
firing, and a detailed series of trials 
w/is then carried out on short voy- 
ages in the North Sea between 
Holland and England, chiefly be- 
tween Ams&rdam, Hull, and New- 
castle. The results were very satis- 
factory, the stojeer giving a sub- 
stantial economy in fuel, being ab- 
solutely smokeless, and not being 
affected by the very roughest sea. 
The ss. Bintoehan was then sent on 
her first voyage with mechanical 
stokers in May last to the Far East 
(from Amsterdam to the Dutch East 
Indies), and the result of this first 
long voyage has been a great success. 
There was no hitch at all, the .steam 
pressure being maintained absolutely 
steady, equal to oil firing, whilst the 
combustion was smokeless, with about 
12 per cent. COg. The most careful 
observations were made throughout 
the voyage, and the net results, as 
compared with an exactly similar 
vessel on the usual hand firing, were 
10-15 per cent, saving in the coal bill. 
The working conditions in the fire- 
hole were also revolutionised, being 
practically equal to oil firing, whilst 
the steam pressure was maintained 
absolutely constant, which is not 
possible with hand firing, because of 
the cleaning out at the end of each 
watch. 

A second vessel, the ss. Parigi, was 
then fitted with the same “ E " type 
of Underfeed stoker, but in this case 
the combustion chamber of the “ Bab- 
cock and Wilcox " marine boiler was 
enlarged, being made 2 feet higher. 
This question of cramped combustion 
chambers is a sufficiently serious 
matter on land, but it is even worse 
in marine work. The result of raising 
the boiler in the ss. Parigi only 2 feet 
has made a still further substantial 
economy, equal to about 6 per cent, 
additional saving, and this vessel 
also has made a voyage from Holland 
to India and back, with the most 
highly satisfactory results. 

Mr. Muller, the Chief Engineer of 
the Koninklyke Paketvaart Maats- 
chappy, is convinced that a great ig^ 
provement has been made in marine 
steam generation, enabling both me- 
chanical stoking and the water-tube 
boiler to be applied to the mercantile 
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marine. It is stated also that all new 
vessels for this steamship company 
will be equipped in future with these 
mechanical stokers and water-tube 
boilers, and it looks as if a» definite 
and important step was about to be 
made at last in the direction of in- 1 
creased efficiency in steam generation 
at sea. 

AAA 

The “Sulzer” Diesel -Electric 
Locomotive • 

The “ Diesel " engine locomotive 
promises to he a # more formidable 
competitor to the steam locomotive 
than the application of electric drive 
from overhead wires, as we have ob- 
served on previous occasions, particu- 
larly for heavy longdistance traffic, 
such as in India. The chief pioneer 
in the “ Diesel " locomotive is un- 
doubtedly the Swiss tirrn of Sulzer 
Bros., and they supplied one of the 
first successful locomotives of this 
type to the Prussian State Railways 
in 1913. This was an express loco- 
motive with a two-stroke cycle four- 
cylinder “ Diesel " engine driving 
direct by coupling rods on to the 
main centre driving wheels, the engine 
cylinders being placed in pairs, de- 
veloping a total of 1,000 h.p., with 
train speeds up to 50 miles per hour, 
the auxiliary engine for starting and 
supplying compressed air for oil in- 
jection and scavenging being 250 h.p. 

Messrs. Sulzer Bros, then began to 
develop also the idea of a “ Diesel- 
electric " locomotive, in which a 
“ Diesel " engine was direct coupled 
to an electric generator and the 
locomotive driven by electric motors 
geared direct to the driving axles. 
Several locomotives of this type were 
delivered to the Saxon and the 
Prussian State Railways and had a 
satisfactory practical test in 1914. 

The war, however, interfered with 
progress in this direction in Ger- 
many, but Messrs. Sulzer Bros, con- 
tinued to experiment, and have now 
effected a number of improvements. 
One of the most important alterations 
is the use of a solid injection type of 
“ Diesel " engine, thus doing away 
with the troublesome air compressor 
and the intricate valve and control 
mechanism. The new " Diesel " elec- 
tric locomotive, in the design of which 
it may be stated the firm cf Messrs, 
i.. vBrown Boveri have collaborated with 
Messrs. Sulzer Bros, as regards the 
electric equipment, is built in the 
form of combined rail car, that is, 
locomotive and coach in one, but it 


can also, in # addition, haul several 
passenger coaches as trailers. The 
overall length of the locomotive coach 
is 70 feA, the body of the coach rest- 
ing on two bogies, one of which has 
three and the other two axles. When 
empty, the total weight of the coach 
is 09.52 tons, 38.65 tons being carried 
on the 3-axle bogie, the weight bging 
12.88 tons per axle. The motor bogie 
carries 27.87 tons, or 13.93 tons per 
axle. The* “ Diesel " engine unit 
consists of three pairs of cylinders, 
in “ V " form, with their axles along 
the length of the carriage, and run-# 
ning at 440 revolutions per minute, 
developing 200 h.p. with an overload 
of 250 h.p. The speed is up to 44 
miles per hour, and sufficient oil is 
carried in the tanks for 300 miles. An 
ingenious water cooling device is part 
of the installation, the warmed water 
heating the carriages on the way to 
the cooler, whilst the electric genera- 
tor works at 300 volts, and is of 
140 K.W. normal capacity. The in- 
stallation has had a thoroughly prac- 
tical test of a number of weeks on 
the Swiss Federal Railways, over the 
Baden-Niederglatt section, and has 
given the greatest satisfaction, so 
that a second locomotive is to be put 
in service on the Berne-Neuchatel 
section of the Lotschberg railway. 
The costs are said to l>e very much 
cheaper than an electric locomotive, 
even in Switzerland, with its extensive 
water-power development, and a great 
advantage over the steam locomotive 
is the absence of stand-by losses, and 
the saving of time in the engine sheds 
and depots. • 
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Mechanical Stoking 

Thf. chief event of interest at the 
annual meeting of the American 
Society of Mechanical Engineers, held 
in New York in Deceinlxr last, was a 
group of papers on “ Mechanical 
Stoking/' with a lengthy discussion. 

One of the striking features is the 
number of modifications that have 
been evolved in America of the chain 
grate stoker, the original invention of 
an Englishman, John Juckes, in 1841, 
and in the “ compartinented " air 
supply modifications with mechanical 
forced draught, it is claimed that 
55-60 lb. of average quality coal <?an 
be burnt per square foot of grate area 
without the passage of excess air 
through the back of the grate. 

The proceedings served to show 
again that two of the original troubles 
of mechanical stoking, encountered a 


century ago when the principle was 
first introduced, remain with us to- 
day, that is, wear and^tear, and the 
difficulties in*conncction with fluctua- 
tions in the demand for steam. Also 
it is being more or less realised, un- 
fortunately to a greater extent in 
America than in Great Britain, that a 
mechanical stoker is a delicate ma- 
chine, which, like any other mechan- 
ism, must be operated with intelli- 
gence, aiV important point under 
Indian labour conditions. The idea 
fostered by some stoker makers them- 
selves, that a mechanical stoker is 
“ fool-proof," is ridiculous, and en- 
tirely without foundation; as is well- 
known to many steam users. 

The meeting in America was con-* 
cerned, however, almost entirely with 
mechanical stoking as applied to the 
externally fired water-tube boiler, but 
in Great Britain, a£ in India, the chief 
interest centres on the internally fired 
cylindrical boiler, especially of the 
“ Lancashire " type. Mechanical stok- 
ing, as applied to this kind of boiler, 
is much more difficult, because of the 
very narrow grates (usually not over 
3 ft. 6 in.), and the necessity of bring- 
ing the ash and clinker back through 
the front of the boilers. It is therefore 
not an easy matter to give a general 
opinion as to whether mechanical 
stoking under these conditions is 
preferable to hand firing or not, but 
very briefly it can be said that there is 
little difference in efficiency between 
mechanical and hand firing, and the 
general advantages of mechanical 
storing for cylindrical boilers are 
much better labour conditions in the 
lireliole, the possibility of the proper 
application of mechanical coal and 
ash handling, and less smoke, whilst 
the disadvantages are wear and tear, 
excessive consumption of steam by 
the furnace nozzles, cost of upkeep, 
and lessened flexibility, both as re- 
gards steam output and ability to 
burn different grades of coal, the 
latter being a particularly important 
point for Indian conditions. 
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Commencing with cur May issue, 
Industrial India will be carried on 
under a new joint ownership. Mr. 
'J. R. Sarjantson, who has acted as 
Editor from the first number, will 
from tliis issue assume full control 
and, management, and Messrs. The 
Tata Publicity Corporation Ltd. will 
retain a part financial interest, and 
will continue to act as the Publishing 
Agents in India. 
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IN THIS SECTION WE CONTINUE OUR SURVEY OF INDIA’S INDUSTRIAL DEVELOPMENTS 


Cardboard Boxmaking and Machinery 

§ 

0 By V. H. SKY MLR 

Illustrations by courtesy of Messrs. Vickers Ltd., Frith 

I T is only necessary to consider characteristic feature of old London, gave way behjpe retail shops, who 
the variety of purposes for and among them the boxinen were expected to receive their supplies 
which cardboard boxes arc prominent figures, by reason of their projierly 1x»xed from the wholesale 
used, when it will be realised number and their brightly-coloured, warehouses. Export trade doubled, 
that it is impossible to touch bulky stock-in-trade. These men and cardboard boxes lx.*came im- 
more than the fringe of their manu- were the salesmen of their day, and, perative to reduce wastage in trans- 
facture within the compass of an as such, can be fairly remembered as port. 

article. It is not generally recognised pioneers of what is now a great in The boxmaking industry thereupon ■ 
that this industry yields a large re- dustry. And now as to the buyers “ came downstairs/’ The squalid 
turn. The capital outlay of installing who first created a demand for card- little garrets in which it had been 
plant is small compared to the high board boxes. They were mostly the carried on gave place to properly 
turnover obtained. The majority of ladies of the time. Restless as ever, planned factories, 
boxmaking firms are in business for the fair sex would travel. The trunk This, then, is the state things had 
that purpose alone, but a box factory of to-day being unknown, something reached at Home when India first 
is often conducted by wholesalers as must be found in which to pack easily- made its acquaintance with the card- 
an ancillary department. In that case crushed dresses and voluminous hats ; board box, in which lexliles, food- 
inside needs are first satisfied, and and so we see the preparations for a stuffs, drugs, leather goods, and other 
when packings have been provided journey by post chaise starting with imports were packed. The giowth of 
for the products made, any surplus an acknowledgment from a window India as a consumer of home products 
production of boxes is profitably dis- of the hawkers’ cries, followed by a had its effect- and a very substantial 
posed of outside. little bargaining and the purchase of one — on the development of box- 

It may be well here to reviel? the the necessary equipment of flower- making at Home. But, until recent 

history of the industry. This is a bedecked boxes. years, most goods were imported in 

very old one, but its full development Gradually, a cheai>er and less strong retail packings, and there was little 
is of comparatively recent date. As form of these boxes came to be used movement towards production of 
early as the middle of the 18th Cen- as a container in which to sell these boxes in India. With the great strides 
tury, hand-made and elaborately dec- same hats and dresses, and its use Indian industry is now making, the 
orated bandboxes were hawked in the extended sufficiently to establish the country will soon be standing on its 

streets of London, and quaint old boxmaker in regular business. own feet We are already witnessing 

prints still exist to record these long- There followed a period in which the same process in India as we have 

forgotten pedlars wjth their gay little progress took place, until the seen at Home. The street hawkers 

burdens. * wonderful prosperity of the country and stalls of the 18th Century may 

Life was leisurely and informal in in the second quarter of the 19th be not inaptly compared with the 

those days, j*nd the vendor of all Century began. bazaars. As the former were in this 

classes of goods came in search of his England was expanding to the country, so are the latter in India 
buyer, instead of making a display position of the premier industrial being gradually engulfed by the 
behind plate-glass shopfronts to at- country of the world. All kinds of man- modem shops. These last are no 
tract the citizen on the pavement, ufacture were opened up coincident longer chiefly patronised by Euro- 
Trading was done at tlie dwelling- with the establishment of the railways, peans. Indians of all castes now buy 
house doors, and the only advertise- and with* the general fillip given to in, and keep shops, and this implies 
ment was the festive wares then!- home industries, the price of card- boxed goods. Not only that, but it 
selves bobbing along the cobbled board and paper declined ; new meth- implies Indian goods boxed, and the 
streets on the backs of* hawkers who ods were discovered, and its quality result that the first boxmaking 
threaded their way through th& rest and strength were improved ; the factories are being opened in In^tfi 
of the traffic. Whatever may be said cheapness and convenience of card- to cope with the demand for these 
for or against this “personal" method board boxes for the distribution and packings. There can be as yet no 
of doing business, the hawkers must sale of all kinds of goods was dis- data on which to base a forecast of 
have been a very picturesque and covered. Hawkers and street stalls the ultimate development of box- 
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making in India, but it is safe to 
predict a great expansion, and some 
idea can be formed already. 

Consider, for instance, what pro- 
ducts are boxed in Hu rope, agid what 
is the extent of the boxmaking in- 
dustry which these products support.* 
Then examine which of these are now, 
or soon will be, manufactured in India. 
There are textiles, soap, matches, 
drugs, tobacco, confectionery, boots, 
foodstuffs, toys, electric and engineers' 
fittings, clothes, hosiery, hardware, 
turnery, tools, hats, jewellery, station- 
ery, polishes, oil and # colourman’s 
goods, and many others. • 

This work employs some 800 box 
factories in the United Kingdom 
alone. All the boxes made are de- 
stroyed after once being used, and 
quite a normal output for one factory 
would be half a minion boxes per 
week. Thus large total profits are 
yielded by the smallest profit ou each 
dozen boxes. 

Passing, now, to the machinery for 
the equipment of these factories. The 
first of the special machinery for box- 
making was produced in Germany, 
whose example was soon followed by 
England and America. At the out- 
break of war, this work entirely 
occupied about fifteen engineering 
concerns of major importance in those 
countries, besides a numlx*r of smaller 
works. Approximately, four million 
sterling was invested in these under- 
takings, and the export of boxmaking 
machinery from Germany alone, in 
1913, apart from their home con- 
sumption, totalled close upon £600,000. 

Messrs. Vickers Ltd., of Erith, 
whose machines form the illustrations 
of the present article, have now 
entered the field, and occupy a leading 


position amoqg box machinery engin- 
eers at Home. .This firm is among 
the first to make a bid for England 
in this branch of engineering. 

Broadly divided, the various forms 
of cardboard container in use to-day 
fall into three categories. 

First, there is the 41 Rigid " type, 
which may be either “ paper-covered/' 

“ wire-stitched," or 44 metal-edged," 
according to the finish and strength 
required. In general, paper- covered 
boxes are less strongly made and 
more attractively finished than the 
other two varieties, and are seldom • 
made in the larger sizes. 

The machines used are shown below : 

A is the rotary cutting and scoring 
machine, which, with normal sizes of 
work, will prepare about 2,000 boxes 
or lids per hour, working from the 
crude sheet of cardboard. 

In its various forms, and with suit- 
able equipment, it can be used for all 
classes of rigid box in every size. 

Its function is to convert the crude 
sheet of cardboard into a number of 
separate rectangular pieces, known 
as " blanks." Each of these blanks 
leaves the machine cut to the exact 
size of the box or lid to be made (when 
these are opened out into the flat 
state). The blank is also prepared 
for folding, so that the ends and sides 
can be folded up into position in 
relation to the bottom. 

When this is done the blank has the 
appearance shown in Diagram 1, and 
is passed to the double corner cutting 
and slotting machine (Fig. B). 

This machine, as well as machine A, 
is used for either paper-covered or 
stitched work. Its function is to cut 
out the four corners of the blank, and so 
make it ready for fixing at the comers. 




Pig. B. 


For a covered box the heads will 
be .set to cut out the corners clear 
(Diagram 2). The corners will also 
be cuf in this manner, ior corner- 
stitched or metal -edged boxes. These 



Diagram 1. 

methods of fixing the corners will be 
alluded to later. 

For an ordinary wire-stitched box, 
a flap must be left on the corner for 
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Diagram 2 

stitching, and the heads of the 
machine can be° set to provide this, 
as per Diagrams 3 and 4. 
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The two machines A and B are the 
only types common to both covered 
and uncovered boxes. After leaving 
the corner cutter, the blank for an 
uncovered box is parsed to some type 
of stitcher, or else to a metal edging 



machine, which fixes the corners by 
inserting wire staples or by a metal 
corner strip. . 

Fig. C shows a treadle-Aperated 
wire stitching machine, and Fig. D 
a heavier power-driven machine for 
the same purpose. 

Both these machines work upon the 
dap left by slotting on machine B. as 
stated above if the corner lias been 
cut. out, as in Diagram 2, then either 
corner stitching or tnetal edging will lx? 
used for uncovered boxes. The former 
machine, shown in Fig. E, is made 
• for either treadle or power operation, 
and wraps a wire staple round the 
comer of the box. 

The metal edging machine (Fig. F) 
fastens the box corner by pressing on 
to it a prepared form of metal strip. 
This is provided with teeth which 
securely clamp the edges of the board 
together. 



Flft. G. 

All these fixing machines are auto- 
matic, drawing the wire or edging 
from a reel, and the setting for differ- 
ent depths of box is instantaneous. 

The fixing machines above de- 
scribed are for uncovered boxes only. 
For covered work, the blank, when 
leaving the corner cutter B, will be 
passed to machine 0, the corner 
staying machine, which fastens the 
edges of the board by means of a 
strip of gummed paper, which does 
not show through the paper cover 
to be later applied, and has no cor- 
rosive effect due to the adhesive with 
which the* latter is fixed to the box. 
It* is this corrosive action which pre- 
cludes wire stitching or metal edging 
for covered work. 

When the box is stayed, it is in its 
final form, and has only to be covered 
with paper by the banding machine 
(H). This machine covers the sides, 
ends, top and bottom of the box from 
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the reel of paper, and will also insert 
a paper laee frill such as is used in 
chocolate and soap boxes, hi addi- 
tion, it provides for a gold or tinted 



Flft. H. 


edging at the box corners, as shown 
in Diagram 5. This is often required 
on collar and blouse boxes, and some 
times for soap, perfume, confection- 
ery, etc. 

The second category comprises all 
forms of “ collapsible ” box. This 
type has the primary advantages of 
packing aud storing flat in one piece, 
ready for instant use. Collapsible 
boxes serve extensively for packing 


max. a" OR M‘‘ ; 

according to .v/i j 
or MACHiNt , 



preparing the blank (Diagram 7) from 
the sheet of thin board ; the folding 
medicine bottles and pharmaceutical box cutter (K), whitti can be supplied 
supplies generally, collapsible tubes, with heads for making the standard 
medical dressings, confectionery, 
flaked soap, cereal foods, starch, cakes, 
etc. They afford less protection to 
their contents than do rigid boxes, 
and the above stated advantages can 
be obtained to a limited extent with 
the latter by shipping the finished 
blanks in bulk to the user, who is pro- 
vided with wire stitching machines 
only, aud can thus make up his rigid 
boxes as required on the spot. 

The simplest form of collapsible 1>la * ram 7 * 

box is shown below, and it is from or any other kind of ct ts ; and the 
this that the many varieties met with folding box stitcher (I,), for stitching 
have been evolved. up the single seam shaded on Dia- 

I'or making such boxes, only three gram 7. 
machines are required, viz., the rotary Ii^the latter machine the boxes are 
cutting and creasing machine (I), fot fed continuously through the anvil. 
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depth. On leaving thic machine, the 
blanks may lx* of the form shown 
(Diagram 8a), and they are then 
stitched on a machine generally 
similar to Fig. h, but of the variable 
feed type, and in a larger size. 

This form of shipping container is 
very popular in the U.S.A. A more 






The third category comprises “ ship - 
ping containers ” of large size. Many 
of these are made from double lined 
corrugated board, which, besides 
being both light aftd cheap, is very 
strong, and by reason of the air 
spaces between corrugations, affords 
a large measure of protection to the 
goods. These corrugated board con- 
tainers are usually made collapsible, 
in which case they are prepared on a 
rotary cutting machine of large width 
sometimes over 100 inches, generally 
similar in construction to big. A. 

The board is then creased in a 
machine of the rotary scorer type, 
by means of the pressure of a blunt 
wheel pressing the lx>ard against a 
steel roller. When the large blanks 
are thus prepared, they are passed 
to a heavy slotting machine (big. M), 
capable of making cuts up to 13 inches 
deep, and cutting a corner to the same 


PiniNhed Container 

common type in Great 
Britain is the rigid 
wholesale container 
built up of solid fibre 
board with wood end 
frames to reinforce it 
(Diagram 8). The 
plant necessary for 
this type is less ex- 
tensive, though the 
material used costs 
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Dlaf^am 9 

This machine will stitch wood up 
to one inch in thickness without 
difficulty. When the ends are thus 
completed, the! main piece of board 
is set up round them, and either 
stitched or nailed to the edges of the 
wood cleats. The lid flap is left open 
until it is desired to seal the con- 
tainer after filling. It is then either 
stitched along its front edge to the 
small llap provided, or adhered 
thereto with silicate of soda or some 
similar preparation. The edges of 
the lid are nailed or stitched to the 
cleats, and the resultant cr sc is 
virtually pilferprooj. 


more, as cheap quality boards are 
rarely, if ever, used. The cases 
are, of course, stronger than the 
corrugated board variety. 

The fibre (or leather) board (Dia- 
gram 9) is prepared in three pieces, 
one piece each for the ends, and a 
single piece bent to form the two sides 
top and fDottom. The whole of this 
\fork can be done on a rotary cut- 
ting and bending machine, similar in 
general appearance to Fig. A. 

The next process is to fasten 
mitred wooden cleats to the end 
pieces by wire stitching, and this is 
done upon a cleat stitching machine 
(Fig. N). 
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A fuller description of these pro- 
cesses is* to be found ijjJ any of the 
standard texf-books on boxmaking, 
such as “ How Paper Boxes « are 
Made,” published by The Shears 
Publishing Coy., Tafayette, Indiana, 
U.S.A., or “ The Manufacture of * 

i 

Paper Containers,” published by The 
Verstone Publishing Coy., 29 Ludgate - 
Hill, E.C. Full details of machinery "H 
will I'je found in the catalogues of 
t Messrs. Vickers limited, Krith, Kent, 
illustrations of whose machines have 
been used to illustrate the present 
article. . 


A Brief Survey of Industrial India 

(Continued from page 432). 


B KPORH we turn to consider 
the industrial side of Indian 
commercial life, and its pro- 
gress during recent years, 
reference must be made to 
two other sources of potential wealth 
■ -her forests and her fisheries. In 
both of these enterprises like so 
many others in India — a great ex- 
pansion is possible. It is impossible 
to overestimate the importance of 
India’s timber resources, especially at 
a time like the present, when the 
whole world is suffering from a short- 
age of timber partly due to the 
heavy demands of the war, and partly 
due to the wanton destruction that 
has, through ignorance or indifference, 
been carried on in every timber- 
producing country of the world. In 
Australia, for instance, it was re- 
cently stated that over 0W,OOO,(XX) 
tons of timber had been lost to the 
country through ruthless destruction. 
The forest lands of India cover an 
area of over 250,000 square miles—- 
more than one-fifth of the total area 
of India, and an area twice fr lie size 
«-of*-ihe British Isles, — yet so far only 
100,000 square miles have been 
brought under regular management, 
systematic conservation, and scienti- 
fic working. The Indian Forest De- 


partment has done good work in 
connection with the scientific aspect 
of forestry, and in preventing, to 
some degree, at any rate, the whole- 
sale and wanton destruction of valu- 
able timber, but up to now the com-, 
rnereial side of the industry has been, 
to a very large extent, overlooked, 
and neglected. Despite this fact, 
however, and despite the half-hearted 
method of working, the Indian forests 
are a source of considerable profit to 
the State, and yielded in 1917-18 a 
net revenue of rather more than 1.25 
million pounds sterling. 

The annual average production of 
timber and firewood during the five 
years 1915 to 1919 was 88,097,931 
cubic feet, and 209,505,417 cubic feet 
respectively, but the authorities them- 
selves declare that these amounts 
could easily have been doubled — 
perhaps trebled — had more intensive 
and systematic forest management 
been employed. But insteAd of at- 
tempting to increase production, 
India imported^in 1918-19 no less 
than 35,750 tons, which quantity 
was increased in the following year 
to 08,036 tons. In 1920-21 the 
quantity imported was 62,582 tons. 
A very large amount of the imported 
timber has come from Japan, though 


it is a well-reco|nised fact in the 
trade that Japanese timber is inferior 
to Indian, and there is plenty of 
better quality timber in the Hima- 
layas if only it could be utilised. 

Foipst products are classified under 
tw r o headings- Major Products , which 
include timber useful for commercial 
purposes and firewood, and Minor 
Products , including such forest pro- 
ductions as lac, oilseeds, drugs, etc. 
The Indian forests contain an im- 
mense variety of trees, the Forest 
Department having already cata- 
logued over 2,500 distinct species, 
and it is stated that probably another 
2,500 await classification. Outside 
India, and, in fact, in many parts of 
India itself— the densest ignorance 
prevails regarding her timber re- 
sources, and in Great Britain the 
general opinion, imtil quite recently, 
was that Irdia possessed only four 
kinds of wood — teak, satinwood, rose- 
wood, and ebony. If the Forest 
Department is to keep abreast 
with the needs of the time, and 
develop its resources, and so secure 
an iiftmense revenue, it must under- 
take some properly organised pub- 
licity work, whereby both* countries 
may be made aware of what India 
possesses. 
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A step in the right direction in this 
connection was the acceptarite by 
the Governm\it of India of the 
Board of Trade’s invitation to par- 
ticipate in the British Empire Timber 
fixhibition, which was held in London 
in July, 1920. Considerable atten- 
tion is being devoted to the problems 
of * extraction ami utilisation, and in 
the Madras Presidency, and also in 
K the United Provinces, “ Forest Utilisa- 
tion Officers” have been appointed. 

A scheme for the formation of a cadre 
• of forest engineers has also been 
sanctioned, under which a regular 
service of engineers is contemplated. 
These are ’healthy indications that 
Jndia is beginning to wake up and 
utilise, to a far greater extent and 
in a more scientific and economical 
manner, the vast stores of unde- 
veloped wealth that her forests con- 
tain. An examination of the’ profits 
derived from the working of the 
Indian forests shows that during the 
last fifty years the increase has been 
nearly tenfold. With increased at- 
tention from Government, there will 
come increased assets and greater 
prosperity, and the inception and 
development of many forest indus- 
tries. Among the most important 
of these industries is the resin in- 
dustry, the chief centres of which 
are in the United Provinces and the 
Punjab. This industry, as is pointed 
out in official publications, is very 
largely due to the economic con- 
ditions created by the war, for the 
reduction in direct imports of Ameri- 
can turpentine gave it an imj^tus 
which it is hoped will have permanent 
results. For the development of this 
industry there is certainly a very 
great scope. There iJ no reason why 
the ultimate production of Indian 
turpentine should not amount to 
over million gallons. A French 
manufacturing plant, modified to suit 
Indian conditions, has been installed 
in the Punjab, and a rfesin distillery 
erected in th*e United Provinces which 
will largely increase the total output. 
During the ycs#r 1917-18, 46,000 cwt. 
of resin, and nearly 140,000 gallons of 
turpentine, were produced, as com- 
pared with 44,000 cwt. and 130,000 
gallons, respectively, in tlje previous 

year. • 

The paper industry also presents 
excellent prospects for development. 
The annual consumption of paper 
and paste-board in Indih amounts to 
over 75,000 tons, but at present two- 
thirds of this quantity is imported. 
There is nef reason why this state of 
affairs should continue. The forest 
areas contain enormous supplies of 


bamboo and elephant grass, which 
could be utilised for the manufacture 
of all the paper and paste-board re- 
quired for local needs. 


The Lac Industry 

Three and a half years ago a Com- 
mittee of commercial men and forest 
officers sat at Dehra Dun *to consider 
steps for developing the lap industry, 
and, as a result of their report, two 
expert officers have been appointed, 
pne to deal with the sylvicultural 
and the other with the commercial 
side of the question. These and other 
new enterprises connected with the 
forest industry necessitate the ex- 
penditure of considerable sums of 
money, and between £20,000 and 
£25,000 is yearly spent under this 
heading. This, however, is not suffi- 
cient. To quote from the official 
Report of Indian Progress, issued in 
1920: “ Before the forest industries 
of India can be established upon a 
sound basis, there is need of expert 
investigation upon a more extensive 
scale than has hitherto been possible.” 

The present time is particularly 
opportune for the inception of a bolder 
and more scientific policy as regards 
India’s forest products, for owing to 
the shortage of timber, not only in 
Great Britain, but in other countries 
also, special attention is being directed 
to the discovery of new' sources of 
supply, and in this search India has 
not been overlooked. It was pointed 
out in a lecture last year in London 
that India posessses many valuable 
timbers which have been used in 
England in modern buildings, both 
for ordinary and decorative work, 
with most satisfactory results. It 
should be noticed, however, that 
though the Indian forests contain 
such a large variety of species, the 
percentage of timber-yielding trees 
is very low, l>eing barely five per cent., 
but taking into account the vast 
extent of the forest lands, this low 
percentage need cause no undue 
alarm as to failure of supplies, pro- 
vided ordinary care is taken, and 
conservation adopted on scientific 
lines. There is ample scope for de- 
velopment on a very large scale, 
without i^i the slightest degree de- 
pleting the supply. 


Timber Industry 

What the Indian timber industry 
needs is well-organised, efficient pub- 
licity work, to let the outside world 
know what it possesses, and what it 


is capable of supplying. Once this 
is known, ttyere need be no fear of 
the future. 

While for years attention has been 
increasingly given to the develop- 
ment of India’s forest lands, it is 
only comparatively recently that any 
attention has been directed to another 
important and lucrative source of 
revenue and employment, viz., the 
fishing industry. In towns and vil- 
lages within reasonable reach of the 
coast, the quantity of fish consumed 
by both Europeans and Indians is 
considerable, and, given cheaper and 
betted transport facilities, there is 
no doubt that thjs quantity would 
be very greatly increased, but at 
present the dearness and the irregular 
supply is a cause of very general 
complaint, and ^ very serious handi- 
cap to the development of the indus- 
try. The report of the Indian Indus- 
trial Commission, however, affords 
striking evidence of the immense 
future which awaits a more active 
interest and development in this 
sphere. The attempt to improve 
and set the industry upon a better 
footing is beset with special diffi- 
culties, for the fishermen are usually 
of low caste, ignorant, uneducated, 
and idle, and content with a very 
low standard of comfort. They are 
usually, too, the ignorant victims of 
the middlemen, who selfishly and 
relentlessly exploit them, and whose 
exactions not only lessen the supply 
of fish, but add greatly to its cost. 
The sooner some scheme is evolved 
either to entirely abolish the middle- 
man, or to bring him directly under 
some efficient authority capable of 
inflicting just punishment for unjust 
extortion, the sooner will the Indian 
fishery industry develop into a valu- 
able national source of revenue. In 
Bengal, even under the existing un- 
satisfactory conditions, the import- 
ance of the fish trade may be gathered 
from the fact that during the year 
1918-19 more than 11,000 tons of 
fish were caught and sent to different 
parts of the Province. At present 
there is only one Government Depart- 
ment for Bengal and Bihar and Orissa, 
with a totally inadequate staff, and 
until this state of things is altered, 
much improvement cannot be ex- 
pected. The best that can be said 
regarding the fresh water fisheries m 
Bengal is that at present they are 
absolute failures, owing to the meth- 
ods employed in working them, and 
unless other methods are used To 
prevent the depletion that is taking 
place, this industry will soon cease 
to exist. Such a thing as a “ dosed 
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season ” is unknown, and continuous 
and ruthless fishing is carried on all 
the year round, immature fish being 
destroyed in large numbers, and even 
the fry and spawn are likewise de- 
stroyed. No wonder the demand far 
exceeds the supply, and the present 4 
serious position calls for the im- 
mediate attention of the authorities, 
and the putting into force of strong 
measures of protection to ensure the 
industry being saved from destruction. 
A step has already been taken by 
appointing district fishery officers, 
whose duty it shall be tft explain the 
position to the people, and tr$ to 
arouse in them sryue realisation of 
the harm which is being done, and 


of the danger threatening the industry’. 

In the Presidency of Madras the 
fishing industry is in a much more 
satisfactory condition, and over 250 
small fish-oil factories have been 
established along the coast, mostly 
by the fishermen themselves. In 
1910, fish-oil to the value of nearly 
£7,000, and fish guano to the value 
of nearly £30,000, were exported from 
the West coast of the Madras Presi- 
dency. A« fish cannery, equipped 
with modern plant, has also been 
started, as the prospects for the 
canned-fish industry are considered* 
very favourable. But in Madras, 
ignorance on the part of the fisher- 
men is a serious hindrance in the 


development of the industry, and a 
step Ites been taken ki this Presi- 
dency that •might w/h very great 
advantage be. followed in other parts 
of India, in the introduction bf an 
educational scheme, by means of 
which specialised primary education 
shall be given to the fisher com- 
munity. There exists. enormouS possi- 
bilities in connection with the fisheries 
of India, tyit their development upon 
a scale that will make them revenue 
producing and a valuable financial 
asset, can best be secured by first of 
all educating those employed in these 
industries, and thus arresting the 
destruction and waste that is now 
taking place. , 


§ 

i 


The Grouping of British Railways 


Both traders and the public will 
also gain in the long run by reason 
of the fact that each of the great new 
companies will inevitably appoint 
development agents to move up and 
down the country to discuss trans- 
port problems with interested parties. 
There will accordingly be a greater 
feeling of amity engendered, and this 
will be all to the good. In Great 
Britain, the attitude of the traders 
has hitherto been that they wished 
the railways to move their traffic in 
accordance with the requirements of 
the traders, but this is not always — 
and, in fact, rarely — the most ad- 
vantageous for all parties. By means 
of an energetic campaign of propa- 
ganda work conducted by these de- 
velopment agents, it should, how- 
ever, be relatively simple to prove 
to the traders that it is directly to 
their interest to co-operate with the 
railway companies, and thus secure 
the advantage of lower rates. The 
tendency, though it has only been a 
tendency, towards a closer relation- 
ship between traders and railways, 
has been manifested recently, and if, 
by reason of the new grouping ar- 
*** rShgements, real co-operation can be 
secured, a great step forward will 
have been taken. % 

The formation of the principal 


(Continued from pug e 50(>) 


railway systems of Great Britain into 
four huge systems is a problem of the 
first magnitude that has been faced, 
and admirably overcome, by all con- 
cerned. To deal at all adequately 
with the many aspects of the group- 
ing problem, I should require quite a 
long series of articles of this lengtlT, 
but it may be that the brief treat- 
ment of the subject herein will at 
least give a bald idea of the develop- 
ments. Both India and other coun- 
tries may gain very much from a 
close contemplation of the manner 
in which the various difficulties— and 
they are many — are overcome in 
Great Britain, for excepting the com- 
plete nationalisation of railways in 
any one country, it seems to me that 
the inevitable tendency will be to- 
wards the aggregation of mil way 
power in the hands of a few large 
units. 

Time alone will show whether the 
drastic reorganisation of British rail- 
ways has been the success its sponsors 
expect, but there does not seem any 
reason why. in the hands of com- 
petent administrators, the new sys- 
tems should not be able to secure 
economies and to give better service 
to the community than was possible 
under the old methods. One thing 
is certain. The new companies just 


commencing to function will be wise 
to move warily 4 One of them has 
already announced that its develop- 
ment towards a complete merging 
will be a gradual one, and this seems 
a wise policy. To attempt by a 
strode of the pen to immerse the 
varying methods and policies of 
several administrations into a co- 
hesive plan would be futile. But I 
think it can be keft to the four super- 
general-inanagers who have the re- 
sponsibility for the new developments 
on their competent shoulders to see 
to it that adequate steps are taken 
to guard against undue haste. Many 
questions bristling with difficulties 
have to be faced : questions of organ- 
isation, questions of policy r staff 
questions, and so on • and all these 
in the flux of time will doubtless be 
smoothed out and brought into cor- 
rect relationship with others. 

The ne\£ railway era in Great 
Britain has commenced, and the 
grouping system is on its trial. If it 
succeeds, it will be a wonderful 
tribute to the foresight of its in- 
ventor, Sir Kric Geddcs. If it fails, 
the •only alternative is nationalisa- 
tion, and, from British experience, 
that betokens the worst of’all possible 
remedies, if it is not worse than the 
disease, 
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THIS SECTION *>EALS WITH THE 
INCLUDING MACHINE TOOLS, 


PROCESSES, METHODS, AND DETAILS OP MANUFACTURE 
WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


Low Temperature Carbonisation (xi) 

(THE “CARBOCOAL” PROCESS) 

By DAVID BROWNLIE 

• B.Sc. Hons. (Lon<l ), P.C.S., A M.l.Mln R, Mem. Am. Soc. M.K., A.I.Mech.K., etc. 


T HU “ Cavbocoal ” process is 
the invention of Mr. Charles 
II. Smith, of New York, and 
is owned by Messrs. The 
International Coal Products 
Corporation, of New York, IJ.S.A. 
The process consists of three distinct 
operations, as follows : - 

(1) Primary carbonisation, that ir 
carbonisation of the roughly 
pulverised raw coal for 2-3 
hours at about 1,400 deg. P. 
(760 deg. C.) in horizontal re 
torts by external heating, 
through which the coal travels 
continuously, the gaseous and 
volatile products being separ- 
ated as usual. 

(2) Briquetting the residual fuel 
with pitch as a binder. , 

(3) .Secondary carbonisation of the 
resulting briquettes for 8 hours 
at a comparatively high tem- 
perature of 1,800 deg. 1C (980 
deg. C.) in externally heated 
inclined gasworks retort, and 
separation of the further 
amount of gaseous and volatile 
products. Th<i residual car- 
bonised briquettes are then the 
finished smokeless fuel “ Car- 
bocoal.^ 

Early in 1915 a large experi- 
mental plant, with an ultimate capac- 
ity of 100 tons of coal per 24 hours, 
was erected at Irvington, New Jersey, 
U.S.A., and this plant was riyi con- 
tinuously for 3 years. During this 
time both large and small scale testis 
were carried out with the “ Car- 
bocal ” process from May, 1915, to 
June, 1921, with coals from allover 
the world, over 125 different varieties 
being examined, including representa- 
tive coals from Brazil, British Colum- 
bia, Canada, Chili, France, and Great 


Britain, in addition, of course, to the 
United .States, and it is claimed that 
in every case the " Carbocoal ” process 
was suitable of application, which also 
applied to a large number of lignites 
examined. 

Capacity of Plant 

With the extensive knowledge ob- 
tained on this plant a very large in- 
stallation was then erected at South 
Clinchfield, in Virginia, on a site ad- 
joining the Carolina, Clinchfield and 
Ohio Railway, with a capacity of 400 
tons of raw coal per 24 hours, the 
largest plant in the world devoted 
solely to low temperature carbonisa- 
tion. This plant, which is illustrated 
in Figs. 1, 2, 3, 4, was started up in 
Tuly, 1920, and is on tin* latest and 
most modern lines, the whole process 
being continuous, and labour reduced 
to a minimum. The coal used is 
mostly the local Clinchfield coal, and 
the plant was in continuous operation 
from June, 1920, to the summer of 
1921. This large-scale running has 
resulted in numerous practical diffi- 
culties being encountered, particu- 
larly in the way of wear and tear at 
certain portions of the plant. The 
plant was then shut down, so that 
these problems could be solved, and 
we understand that as the result of 
continuous work since the beginning 
of 1922, most of these have now been 
cleared up, and the plant is being 
altered accordingly, so that it will 
be started up again on full output 
vtfrv shortly. 

As regards the general methods of 
working, the coal — as it arrives on the 
plant in railway cars— is dumped into 
a low level hopper, and from here 
taken by an apron conveyor to a 
crusher and reduced to J in. to j in. 


size. The crushed coal is then con- 
veyed by bucket elevators to the 
top of the main building, and dis- 
tributed by conveyors to the storage 
bins supplying directly the primary 
retorts. If desired, the coal may also 
lx* washed either before or after 
crushing. 

The primary retorts are long, sta- 
tionary, horizontal cylinders, 18 ft. 
in length, and heart-shaped in cross 
section, built up of tongue and 
grooved blocks of carborundum with 
asbestos packed joints, carborundum 
being used because of its valuable 
resistant properties to wear and tear, 
and also its heat conductivity. The 
end walls are of cast iron, lined with 
firebrick, and support down the full 
length in the middle of the retort two 
longitudinal propeller shafts 12 in. 
in diameter, which are driven by 
suitable gearing, and are fitted with 
paddles of 2 ft . 3 in. radius, the 
clearance with the sides of the retort 
being about J in. The speed of 
revolution of these driving shafts is 
very small, about 1/12 revolutions 
per minute, and the power required 
is trifling, less than 2 b.h.p. The 
roughly pulverised coal from the re- 
tort storage bins falls into a hopper 
in front of the retort, which dis- 
charges the coal continuously into 
the retort, being under easy adjust- 
ment. The revolving paddles then 
convey the coal along the full length 
of the stationary retort whilst it is 
being carbonised, and at the same 
time thoroughly mixed and agitated, 
the retort being kept about one-third 
full of iflaterial. In this way the car- 
bonisation is stated to be very evtfft, 
and any exact degree of carbonisa- 
tion can be obtained by altering the 
speed of revolution of the paddle 
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space of the retort, and the duration 


rig. a. Primary Retort Buildtaft 

conveyors and the coal feed mechan- 
ism. Usually the temperature main- 
tained is about 1,40() deg. 1\ (700 
deg. C.), corresponding to 850-050 
deg. F. (455-510 deg. C.) in the gas 


of the carbonisation 2 to ,3 hours, 
this being the time taken for the coal 
to complete the travel through the 
retort, the throughput being approxi- 


mately 1 ton per hour. The retort is 
heated •externally by means of the 
stripped gasjevolved d/ring the pro- 
cess, or any other convenient gaseous 
fuel, the combustion chambers 4)eing 
obtained on the modern recuperative 
principle, the incoming cold air 
for combustion being heated by the 
hot exit gases on t}ie way to the 
chimney. 

The carbonised product, a soft, 
t riable mass, known as “ Semi-Car- 
bocoal,” is discharged continuously 
from the ends of the retort into a 
vertical discharge chute, containing 
at the ■‘bottom two revolving beaters, 
below which is a pair of screws, work- 
ing in a water-cooled pipe with up-, 
turned mouth, so that* the material 
forms a seal for the gas. The “ v Semi- 
Carbocoal ” is then carried on con- 
veyor belts to ball mills, ground, and 
stored in “ Semi-Carbocoal ” bunkers 
above the briquette house. The gas 
evolved passes into a foul gas main 
of the usual design en route to the by- 
product plant, the final stripped gas 
-as already stated — being returned 
to heat the plant. The yields will be 





SECTIONAL VIEW OF PRIMARY RETORT USED IN MANUFACTURE OF CARBOCOAL. 
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discussed later, but it may be stated 
here that “ Semi-Carbocoal ” contains 
8-10 per cen\ volatile jnatter when 
prepared from a 35 per cent, volatile 
coal.* The material is then further 
crushed to all pass through J in. 
mesh, mixed with 8-10 j*er cent, pitch 
from the by-product plant, taken to 
a “ fli*xer,” mixed thoroughly with 
the aid of steam heating, and de- 
livered hot to the briquetting presses. 


Briquetting Press 

The presses used are of the rc^l type, 
the briquettes being turned out in 
any size from 1-5 oz. each, but gener- 
ally as “eggs” of 3 oz. They arc 
discharged continuously on to a 
moving chain conveyor, and taken 
as “ raw briquettes,” containing about 
15 per cent, volatile matter, to over- 
head storage bunkers at the secondary 
retort, being cooled on the way, and 
delivered finally to the secondary 
retorts by means of small wagons. 


Secondary Retorts 

The secondary retorts are modified 
fireclay inclined gas retorts, of a 
rectangular section instead of the 
usual O, each section having 
three compartment^, of two car- 
bonisation chambers. The time of 
carbonisation is 8 hours, and the 
retorts are simply charged through 
the upper end by means of small 
conveyor cars, with about 9 tons of 
raw briquettes. The ternperatiffe is 
approximately 1,800 deg. F. (980 
deg. C\), that is essentially high tem- 
perature carbonisatiqp, and the gas- 
eous and volatile products, which 
contain a large amount of ammonia, 
are passed into a hydraulic main, as 
usual, and discharged to the by- 
product plant. The heating, as be- 
fore, is by means of §t ripped gas or 
any other Convenient gaseous fuel, 
and the combustion chambers are on 
the modern ♦efficient recuperative 
* principle. During this secondary high 
temperature carbonisation, the pitch 
binder is decomposed along with most 
of the remaining volatile matter in 
the coal of the raw eoaF briquettes, 
which shrink considerably in volume, 
but without any distortion in shape. 
The finished briquette, “ ‘ Carboeoal ,' * 
is extremelv hard, with 3-4 per cent, 
volatile matter, and on discharging 
from the secondary retorts is quenched 
with water, like coke, and delivered to 
conveyor trucks for transference to 
the storage dump. The Clinchfield 



SUCTION OF SECONDARY RETORT IN WHICH CARBOCOA1, PROCESS IS COMPLETED 


oal, mostly used, has the following 
Lverage composition : — 

(1) Fixed carbon 

(2) Volatile matter 

(3) Ash 

, (4) Water 


57% 

35% 

7% 

1 % 


100 % 


As a result of the carbonisation of 
many thousands of tons of this coal, 
the yield by the “ Smith Carboeoal ” 
process from 1 ton of raw coal is 
found to be as follows 
1. Gas. 

(«) 5,600 cubic feet from the prim- 
ary retort (650-700 B.lh.U. 







Fig. 1. Gentral Vl«w of Plant at Clinchflald 
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(!)) 4,4s 8 cubic feet from t he second- 
ary retort (300-400 B.Th.U. 
per cubic foot). * 

Total, 10, OHO cubic feet. 

After stripping;, most of this gas is 
used for heating the primary and* 
secondary retorts, and in the bv 
product plant 

2. Tah. 

(it) 21.0 gallons from primarv Re- 
torts. 

(b) 5.0 gallon** from secondary re- 
torts. ^ 

Total, 20.0 gallons. 

This is the average figure for nor- 
mal good working, although due to 
minor defects in the plant, now, as 
already stated, well on the wav to 
being remedied, the* actual yield for 
the whole of 1021 was 23.3 gallons. 
This tar, on rectification, gives about 
10 gallons of high-grade oils, free 
from water, and 10 gallons of pitch. 

3. Sulphate or Ammonia. 

When the plant is in good working 
order, the yield of sulphate of am- 
monia is about 20 lb. per ton, but 
this has been often reduced because 
of leakage. 

4. “ Carhocoal.' 

14 J cwt. “ Carbocoal " briquettes, 
which have had put into them, of 
course, about 1$ cwt. of pitch, most 
of which is, however, obtained from 
the process. These briquettes are, 
of course, absolutely smokeless, free 


Fiji 3. Setondury HHort Building 

burning, and give a high emission of 
radiant heat, with practically no 
dust and liability to spontaneous 
combustion, and they sell in America 
on the same basis as anthracite, over 
70, 000 tons having been disposed of 
at prices from $ 7 to #12 (211/- to 
50/-) per ton of 2,000 lb. at the 
plant. They are suitable for every 
purpose for which coal is used, house- 
hold, locomotive, bunker and general 
steam generation purposes, and it is 


claimed - because of their great hard- 
ness --that they will in many cases 
replace metallurgical coke, the crush- 
ing strain at 2,550 cleg. F. (1,400 deg. 
C.) being 943 lb., and they contain 
about 94 per cent, of the original heat 
of the coal. 

United States # ,Navy tests show an 
evaporation of 9.09 lb. water from 
and at 212 deg. F. per 1 lb. of “ Car- 
bocoal,” as j compared with 9.59 1b. 
for the original coal, whilst the Fos- 
dick Machine Tool Co., in tests on a 
horizontal tubular boiler, found that 
coal of 14,120 B.Th.U. evaporated 
0.59 lb. water, whilst " Carbocoal ” of 
1 2,470 B.Th.U. gave a figure of 7.34 lb 

As already stated, the plant will 
very shortly be started up again 
with many minor improvements based 
on the very valuable and unique ex- 
perience gained of extensive large- 
scale low temperature carbonisation, 
and I have to express my very best 
thanks to Mr. Harry A. Curtis, the 
general manager of the plant, for his 
kindness in furnishing me much of 
the information contained in this 
article. 



GEORGE TAYLOR 

(foun’dk’rs) LTD. 

Alt Saints Street Works, BOLTON, F.ng. 


Improved I.IGHT RUNNING EXPANDERS. 
But acker's Engineering Accessories. 
Automatic “SAFETY” WINCES. 

• OKILL ’ (Patent) Pressure Testing Gauge 
for Tuning Petrol, Gas and Oil Engines. 



KiR 4. Conveyor und Secondary Retort Building 
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in *some t:ases to avoid the use of 
separate castings and simplify chuck- 
ing in the machine shop* 

The production engineer will also 
have opportunities for reducing time 
taken in the fitting or assembling de- 
partments by supplying accurately 
machined parts in predetermined 
quantities by the use of assembling 
fixtures, avoiding, wherever possible, 
filing and hand-fitting operations and 
by the arrangement of partial assem- 
blies preparatory to the final assembly. 

In effect it would be his duty to 
study each detail or jJhrt, from the 
design office through each depart- 
ment or operating, right up to the 
finished product. We have all ex- 
perienced cases where the pattern 
shop make the pattern to suit their 
own ends, or where t^ie foundry adopt 
methods that cause the machine or 
fitting shops considerable trouble, and 
one could go to considerable length 
giving instances of lack of organisa- 
tion in this respect. It is, however, 
sufficient to know that there are but 
few instances where a production 
engineer could not be profitably em- 
ployed. 

With regard to costs, to enable the 
production engineer to discover dis- 
crepancies, comparative costs of each 
detail or part up to the completed 
article would be supplied to him by 
the cost department, and by the in- 
telligent use of such figures lie would 
be able to maintain a firm price, 
thereby rendering valuable service to 
the company. 

No doubt some will take exception 
to the position and scope accorded to 
the production engineer in the fore- 
going illustration. As a further in- 
structive example, therefore, the case 
of a large firm having interests akin 
to that of a parent company, or 
having branches in other parts of the 
country, may be considered. The 
employment of a production engineer 
under such circumstances would be 
attended with much success. His 
duties would be connected solely with 
production, and he would not be 
worried with matters outside that. 

It could therefore be reasonably 
expected that the expenses of his 
department would be many times 
covered by the economies that 
would be effected by his concentrated 
efforts. 

Responsibilities c 

To ^eal with specific cases is, how- 
ever, difficult, since every factory 
presents its own problems. In some 


factories the production engineer will 
be directly responsible to a board of 
directors, whilst in other cases he 
will b<| responsible to the managing 
directoT, and in others again to the 
general manager. Whatever his status 
may be, however, it cannot be denied 
that the production engineer carries 
out duties of the utmost importance, 
and, this being so, he should be ^fiven 
a position* as one of the executive 
heads, and should have every con- 
sideration •and assistance in carrying 
out liis duties. 

One cannot over-estimate the diffij 
culties that a production engineer will 
encounter, particularly upon his in- 
troduction into a firm where old and 
antiquated methods have held sway. 
He will have many prejudices to over- 
come, much opposition, and many 
jealous individuals to win over. His 
character and temperainerft will per- 
haps be tested and tried to its very 
limits. lie will of necessity be pre- 
pared to act with, and accept, sug- 
gestions with good grace from all 
those with whom he may come in 
contact. 


Cost Reduction 

Experience has proved that where 
a capable production engineer is em- 
ployed, and has the co-operation of 
all concerned, the price per piece is 
considerably lower than in factories 
where such an organiser is not em- 
ployed. His one aim is efficiency 
combined with minimum cost. By 
studied efforts, linking one depart- 
ment with another, etc., lie will 
be able to effect economies that 
would not be possible under old-time 
methods. 

The introduction of the principle of 
" one man one job ” cannot fail to be 
of interest to the production engineer, 
since in many cases it is the basis of 
substantial economies. With certain 
exceptions, however, I believe that 
one of the ultimate effects of applying 
this principle will be a drastic revision 
of the present-day apprenticeship 
system. For instance, under better 
conditions it would no longer be 
necessary for a boy to serve for a 
period of five or six years as an 
apprentice. Instead, he would start 
on one of the simplest operations or 
machines, and by merit and ability 
would advance to the better-paid 
jobs. In effect ^iis would encourage 
beginners to do their best, and would 
lead to the survival of the fittest. 

Another effect of applying this 
principle is a tendency to reduce the 


number of skilled journeymen or 
tradesmen in industry. Whether this 
is desirable or otherwiy; is beyond the 
scope of this paper. %ome will wel- 
come such a change, some will deplore 
it, whilst others will seek to cfestroy 
the foundations on which such a 
system may be built. Whatever 
opinion we may hold, however, it is 
our duty to the Empire to gain for 
it by onr abilities pre-eminence in 
the manufacturing world. This ob- 
ject can only be achieved by supply- 
ing goods of high quality at a reason- 
able price, so that a demand will be 
created which will be sufficient to 
provide employment for. all. It will 
thus be apparent that the production 
engineer fulfils a purpose of supreme 
importance if he is able to reduce- 
manufacturing costs, and at the same 
time maintain quality. To devise 
and use labour-saying devices to the 
best advantage, therefore, to reduce 
handling charges and the cost of pro- 
duction of a part or an assembly, 
having due regard to quality, are th^ 
true functions of the production! 
engineer. 

Statements have been made to the 
effect that the production engineer 
must be a man of good education . 4 
This is obviously one of the first re- 
quirements, since he will at all times 
be called upon to give advice, to give 
a considered opinion on important 
points, to detect mistakes, to under- 
stand technical matters, and, in short, 
to be worthy of an executive position. 
To keep abreast of the times is to seek 
knowledge ; to apply knowledge so 
gaiiftd usefully is the action of an 
educated mind. This leads to the 
important point that the foundation 
of this Institution was to give oppor- 
tunities to keen men to increase their 
knowledge, to enlighten others on the 
difficulties of their own particular 
trade, and to point out the pitfalls 
that await the unwary. During the 
last session m^ny papers on subjects 
of great interest and « importance 
were presented, and no doubt 
there arc those wfco have used 
the facts so gained to advantage 
in their own particular line of 
manufacture. This is generally bene- 
ficial to trade and to the good of 
the individual. 

t 

, So far as the production engineer 
is concerned, T believe that this 
Institution is of the greatest im- 
portance to Him. Through it he will 
obtaSn valuable information on many 
subjects, data that can be relied upon, 
and helpful suggestions td assist him , 
in his own work. There have in the 








1 TM P U S T R I A. L 


I N D 1 A. 


past + been few facilities available, 
except through the medium of text- 
books, techr^cal journals and local 
societies, for the man who desires to 
obtain first-hand information, either 
on unpractical matter or theoretical 
subjects. Text-books ^re frequently 
too concise or full of formula;, or, as 
in the case of the lower class of 
technical journals, sometimes give, 
with natural leanings to their ad- 
vertisers, details of whero a certain 
line of machines might be used to 
advantage, ignorant of the fact that 
such machines are not suitable for 
the work. Therefore, it is mv con- 
sidered opinion that as the cfnploy- 
fnent of production engineers becomes 
■more general in the factories of this 
^Country, the 'true functions of this 
Institution will become more appar- 
ent, and that he, the production 
engineer, will turn to it to obtain 
such facts and information as he 
requires in his work. 

Giving good service, as one has 
gevery reason to Ixdieve it will, it 
cannot fail to enlist members from 
the most capable men in this and 
other countries, and so build up an 
Institution that will be a power in 
<the engineering world. This being 


so, it will be the duty of its members 
to reach and maintain as high a 
standard as possible. 

In his paper last season tK* Presi- 
dent stated that in his opinion the 
production engineer was born and 
not made. This is true, undoubtedly, 
of all engineers, and accordingly we, 
as an Institution, should give every 
encouragement to the young engineer 
who has marked ability: It should 
be our privilege to help him in every 
possible way, and to give him oppor- 
tunities to study production methods, 
for we may be sure that as the trade 
becomes more scientific and special- 
isation more marked, it will be very 
necessary for one having the ambition 
to engage in the profession of a pro- 
duction engineer to have facilities 
offered him that will assist in fitting 
him for his task. Many here have 
learnt in the hard school of experience, 
but the future will demand specialised 
training for the official as well as for 
the worker. Accordingly it is for us 
to make this Institution the means 
by which we and those who follow us 
can receive assistance that will enable 
us to carry out our duties to the satis- 
faction of all concerned. 

In conclusion it would, to my mind, 


be an advantage for a production 
engineer to study industrial psychol- 
ogy. It isonot sufficient for him to 
get results without due regard being 
paid to fatigue. No worker, no 
matter what his occupation may be, 
can give good results if the operations 
on which he is engaged quickly tire 
him. To use an economic metaphor, 
there are two funds from which the 
human body can draw, either from 
capital or from interest If it draws 
from capital it will go bankrupt ; if 
it maintains its capital and draws 
from interest- it will last a long time. 
Therefore it is not advisable to study 
minimum times only, but the time 
that is economically satisfactory. The 
intensive development of the pro- 
ductive capacity of a workshop bears 
a very definite relationship to the 
development of ironditions which pre- * 
serve and maintain the interest and 
concentration of the human element, 
whether directing, administrative, or 
manual, upon which, in the end, the 
finished product depends. 

It is therefore to be hoped that we 
shall give such important matters as 
this earnest consideration, and, by 
so doing, gain the confidence and 
respect of all. 




Oxy - Acetylene Cutting Machines 


: 'iTN a paper read before the 
American Welding Society, at 
■ Chicago, in the Spring of 1922, 
vjL Mr. Fred J . Maeurer gave some 
interesting facts concerning the 
cutting of steel by means of Airco- 
Davis oxy-a£etyleue cutting machines. 
The purpose of this article is to go 
over this matter for the benefit of 
our readers, and to give them a de- 
scription of the machines, also to 
explain the operation of them, roughly 
outline the main construction fea- 
tures, and to show the advantages to 
be derived by replacing hand labour 
with mechanical means where sucH 
can be applied economically. 

It is a mechanical age that we are 
at present so fortunate to be lining 
in, and all around us we are con- 
stantly seeifig evidence that engineers 
of the numerous professions are de- 


voting considerable time, attention, 
and study towards improvements 
and new developments. In the manu- 
facturing field this has been towards 
the introduction of new and better 
methods of production, with a big 
tendency to employ labour-saving 
machines. 

Developments in the engineering 
field so far have shown conclusively 
that the human clement plays an 
important part, and wherever it can 
be removed and machines substituted, 
a marked gain will be the result in 
increased production at lower labour 
costs. Electric power has been the 
means of ensuring the best and 
smoothest means of speed control, 
particularly where that power is con- 
trolled through motors connected to 
mechanical contrivances. With re- 
spect to cutting torches, it means 


that when electric motors are em- 
ployed to operate the mechanism, 
smooth travel and uniform cutting 
speeds can be maintained with ease. 

It has been proved that when hand 
cutting is employed on steel stock, 
the oxygen consumption of the torch 
is likely to be excessive, and not con- 
sistent with the work turned- out ; 
furthermore, the speed of cutting 
tends to lx* somewhat on the slow 
side, and accuracy and smoothness 
of cut not all that it is to be desired. 
These deficiencies can only be recti- 
fied by substituting machines for the 
human element. 

The waste of oxygen seems to be 
the mosfr important item to be taken 
into consideration, and the appointed 
executives are constantly on the look- 
out for up-to-date equipment to 
enable the welding operators or cutters 
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' Connftctlnft Rods showing ends 
cut out by th« Oxy graph 


i- to obtain the maximum production 
with the same, or even less, oxygen 
consumption than with hand methods 
commonly employed. Aside from the 
introduction of labour-saving ma- 
chines, the manufacturers of oxy- 
acetylene cutting apparatus have 
been able to substantiate the claim 
that increased production can be got 
by insisting upon the operators abid- 
ing by the instructions for working 
the apparatus as supplied with the 
machines. It is a trait of most of us 
to follow the easiest course which 
presents itself. As applied to cutting 
apparatus, it seems to be to increase 
the oxygen pressure beyond that 
recommended by the manufacturer for 
a given size of tip, either inadvertently 
or, otherwise. It may be that it is 
thought possibly the manufacturers 
have been on the conservative side in 
statements in instructions, and that 


tions where equipment supplied by 
their principals is employed, and to 
give instructions as to use and 
care of that' apparatus. This also 
forms a means for disseminating the 
latest information as to improvements 
or new developments. It is recog- 
nised that this service is a great help 
towards getting operators out of ruts, 
and to give a man a* fresh leirse on 
his vocation. Unless the operator is 
particularly keen and energetic, and 
possesses a thirst for knowledge, he 
is not likely to be found always in- 
vestigating on his owm initiative th$ij> 

• latest developments in the line of his^S 
choice/'' . 

One great source of trouble has v? 
been that the operator has a distinct • 
tendency to employ for cutting a tip 
anywhere from two to four sizes 
larger than the thickness of the cut 
warrants, thus consuming consider- 
ably more oxygen and gas than 
would be the case had the correct tip 
been used. The larger tips are used, , 
of course, because it makes the cut- 
ting easier. To overcome this waste, 
the service department take the same 
tool, same tip, use the same pressure 
that the operator happens to be 
using, and demonstrate that metal 
much thicker than they were cutting 
can actually be cut with that tip and 
pressure. It follows that a smaller 
tip and pressure would have served 
the purpose ana accomplished the 
required result. 


more pressure will accomplish better 
working conditions. As the manu- 
facturer is the one who must eater 
to the trade, and make such improve- 
ments as will render the maximum 
service to his customers, it is to be 
expected that he should know more 
about his apparatus initially than 
anyone else. With this in view, the 
torch tips are designed each for a 
given purpose, to produce the maxi- 
mum of heat efficiencies at the 
pressures stated for each type of 
torch. The type of torch and tip, 
and the correct working pressures, 
have been set as the result* of a large 
number of experiments, not only jn 
the laborat<a*y, but actually as applied 
to commercial work in the field. 
Most companies have a service corps 
of experts whose business it is to 
work the industrial field, visiting 
manufacturing plants of all descrip- 


To overcome these difficulties it is 
necessary that there be close co- 
operation all round. Short courses 
in iifetructions, and demonstrations 
for the benefit of the operators, prove 
helpful to solve the trouble. 

Scientists haw worked out accur- 
ately exactly what can be expected - 
in results by using various oxygen 
and acetylene pressures when em- 
ployed for cutting. Mr. Maeurer 
states that he has in his possession 
a report fronio a prominent metal- 
lurgist showing that the most econom- 
ical proportions of oxygen consump- 
tion to oxidised metal are one cubic 
foot of oxygen to point two two one 
pounds (.221) of steel, i.e. t for every 
cubic foot of oxygen put to use by 
the operator, he should be able to 
oxidise .221 pounds of steel without 
adding extra weight to the steel, 
'fhe Airco-Davfe Co. have carried 
out commercial tests to check these * 
figures. The 0 test period covered a 
long' 1 space of time. Half inch thick- 
ness of steel was used for the tests, ; t 
and both hand cutting and machine 
cutting employed for comparison*; || 
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The test also covered the use of 
various sizes of tips at different 
pressures an& # speeds, vjitli the idea 
of making the trials as complete as 
possible. 

Five thousand (5,000) feet of ^ inch 
plate was first cut, wlfich took 136 
actual working hours. Three tips 
were used at different working pres- 
sures, and it was found the smaller 
tip gave the best results. The best 
cutting results were 393 linear feet 
cut in one day at an oxygen con- 
sumption of 565 cubic feet. The 
^/hverage speed of cutting worked out 
ijjjSlt 8.16 inches per minute, using 1.43 
sjpfcubic feet of oxygen per linear foot 
T of steel cut. 

To illustnftc the large part the 
human element plays in hind cutting, 
Mr. Maeurcr states that on one of the 
days during the trial tests under the 
same and ideal working conditions, 
the same operator that reached the 
above figure made no better showing 
than 258 linear feet cut. For the 
remaining days his rate of cutting 
varied considerably, indicating that 
it is almost impossible for an operator 
to keep up a uniform speed of cutting 
days on end. 

After the hand cutting tests were 
completed, attention was directed 
to machine cutting, with somewhat 
different results. To get accurate 
comparisons, the sfcme thickness of 
plate, same sizes of tips, and lower 
oxygen pressures, were used. The 
plates cut were 12 feet in length. 
The speed reached with mechanical 
. means for cutting was 18 inchy* per 
minute, at an oxygen consumption 
of U z cubic feet to each IS inches of 
steel cut. The path made by the 
torch was | inch wielfc. To quote Mr. 
Maeurer : “As one square foot of 
steel plate \ inch thick weighs 20 
pounds, and dividing this into J inch 
strips, we find we have oxidised .21 
pounds of steel with each cubic foot 
of oxygen consumed, tvhich is mighty 
close to the figures submitted by the 
metallurgist. All the machine cuts 
were smooth* and straight. Two 
thousand five hundred (2,500) linear 
feet were cut by the machine.” 

Several other tests were made on 
various thicknesses of *fletal, using 
larger tips and higher oxygtfi pres- 
sures, the results. in all instances 
indicating that far greater speeds of 
cutting could be mad^ on the ma- 
chines over hand cutting at a # con- 
siderable reduction in oxygen con- 
sumption.. 

f" It is pointed out that as a great 
jv‘ amount of cutting is done in an 


emergency, it has beey found diffi- 
cult to convince the engineers at 
times of the waste of oxygen in hand 
cutting. To bring the point io their 
attention forcibly, it is necessary to 
jierform some exceptionally good cut- 
ting in their presence. 

The machines marketed by the 
Airco-Davis Co. comprise the Radio- 
graph, the Pyrograph, Jthe Como- 
graph, and the Oxygraph. The Oxy- 
graph machine will be described in the 
j) rose lit article, and we hope to be 
able to cover the other types in a 
•later issue of Industrial India. 

The Oxygraph group consists of 
two distinct sizes, one designated as 
the 1a and the other as the No. 2. 
The 1a machine is designed to re- 
duce the cut made to a size one-half 
of the size* of the drawing or tracing 
followed, while the No. 2 machine, 
when in operation, produces a full- 
size cut of the template or tracing 
followed. 

Fig. 1 illustrates the 1a machine 
set up, connected to supply cylinders, 
and adjusted ready for work. The 
photograph shows clearly that the 
eye -pieces of the connecting rod have 
already been completed. The pit 
Mow the stand is for the purposes 
of receiving waste metal and oxides 
produced as the results of cutting. 

The general principle of construction 
of both the 1 a and No. 2 machines is 
the same. The machine cutting torch 
is supported on a pantograph frame- 


work. On this frame is also mounted 
a small electric motor, which operates 
the feed gelr. A knurled disc forms 
a driving wheel, which is geared 
through •worm and spur gearing to 
the motor and mounted in a forked 
•rest of one of the swiveled vertical 
members of the pantograph frame, 
leaving it free to be moved in any 
desired direction. From this com- 
bination of electrical and mechanical 
apparatus it will be seen that ample 
means are provided for moving the 
torch mechanically in any horizontal 
position. Tlfe rate of travel is uni- 
fornt, and the speed is capable of 
being varied over wide range. 

On either side of the tracing disc 
tracer points are fixed. These are 
attached to the vertical swiveled 
parts in order %> add to the ease of 
following the drawing. 

The motor, which is designed for 
universal use, that is, for connection 
to either A.C. or 1).C. source of 
power, is usually wound for some 
standard voltage such as 110 or 220 
volts. The speed control is effected 
through the introduction of a field 
rheostat mounted next to the motor 
for convenience sake. 

The driving disc makes contact 
with the tracing or template at aH 
times, and when put into motion by 
the electric motor, revolves slowly 
along in the direction desired, swing- 
ing with it the pantograph frame and 
cutting torch. The direction of travel 



Pig. 1. No# lft OxyLraph with drawing on table 
for rtproduotag anuul aolld and connecting rod 
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iVlMt Band* cut from valid forjUnUii 
with the Oxygraph 

t 

is determined by the position of the 
knurled feed disc with reference to 
the table and torch. A steady and 
uniform motion in any horizontal 
direction is provided by the feed 
mechanism. 

When in operation, the cutting 
torch is guided by the operator 
working the upright post, turning it 
forward, backward, or sideways, as 
the case requires. This compares 
favourably with the control of an 
airplane by means of the joy-stick, as 
it is sometimes called. In this wav 


the cutting torch is made to cut along 
the desired lines, producing a piece 
of work with the same outline as 
followed by the tracer wheel. 

An allowance must be made for 
the width of the kerf left by the 
cutting torch. The kerf may work 
out at anything from ^ in. to & in. 
wide. The allowance can be made 
by adjusting the pointers. When 
the distance between the tracer points 
and the centre of the tracing wheel is 
set to equal the width of the kerf, it 
will be found when cutting that the 


cut is true to the outline drawing. 
The ktrf allowance pan also be 
reckoned by -making track lines on 
the drawing on the outside of the 
outline at the distance it is necessary 
to allow for^the kerf. The tracer 
wheel would Then be run along the 
allowance line, and the pointer dis- 
regarded for straight -runs and' taken 
into consideration only when sharp 
corners haye to be negotiated. 

For jobs where it is desired to 
make only one or two reproductions, 
pencil drawings are sufficient, but for 
production work metal templates are 
recommended. The template recom- 
mended for straight line cutting is 
one having a groove forming a track 
for the tracer wheel. 

The worft table used with the 1a 
machine measures 3i> x 30 inches. 
The surface covered by the torch 
when the largest permissible drawing 
is used and laid out on the table is 
IS x 18 indies. Rectangular cuts 
larger than this can be made by 
arranging the work on a diagonal 
from corner to corner of the table. 
To obtain cuts larger than this, it is 
only necessary to extend the table 
by adding a drawing board of a 
suitable size. 

The other photographs shown illus- 
trate some of the classes of work to 
which the l.\ ,')xygraph can be 
adapted. 


Miners’ Electric Lamps 


E LECTRIC safety lamps for 
miners are being used in 
ever - increasing numbers, 
due to the obvious advan- 
tages which they possess 
over oil lamps. The higher c.p. of 
the electric lamp ensures a greater 
output of coal, thus reducing working 
costs. It has also been proved that 
the electric lamp is cheaper in upkeep 
casts than the oil lamp. 

The “ Ceag " Miners’ Supply Co. 
Ltd., of Barnsley, England, have 
supplied over IKK), 000 miners* electric 
safety lamps, and several “ Ceag " 
electric lamp installations haVe now 
betfh working for oven ten years, and 
are still giving complete satisfaction. 

The lamps manufactured are made 
at their Barnsley works, which arc 


equipped with the most modem ; the most economical, reliable, and 
patterns of machinery for the rapid efficient lamp. 

reproduction of accurate parts. All ;■ The Company have a research dc- 
details of manufacture are made to partment, which investigates the pos- 
gauges, and are interchangeable, with sibilities of all new materials and 

the result that accurate spare parts methods of manufacture, ensuring 

can be supplied immediately. \b. the lamp always being maintained at 

these lamps have several patented the same high standard, 
features, described below in detail, ’y The “ Ceag ” pillarless electric lamp, 
which ensure economical and safe the latest product of the Company, 
working, these special features being 1 has been designed with a view to 
exclusive to the ‘ Ceag lamp. c projecting an uninterrupted beam of 
i A further ^ point of interest is that increased candle-power over a wide arc. 
the Ceag lamp was awarded the Fig. 1 illustrates the lamp in front 
hrst prize of in the Home Office elevation, and'Fig. 2 in side elevation, 
(International) Competition in 1912 from 'which latter figure it can be seen 
for being the best designed and con- that the lamp can be used for roof 
structed safety lamp. Since that date examination and like purposes. 

S r ^at improvements have been made, The lamp consists of a standard 
and the * Ceag is still claimed to be miner's lamp, fitted with a special 
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reflector, carried by a bridle, capable 
of swivelling in a larger bridle from 
two points affche side of.the lamp top 
this larger bridle also swivelling, as 
can be seen by reference to Fig. 2. 

The large bridle is secured by heavy 
screwed pins, entering •strengthening 
lugs riveted to the lamp top, the re- 
mainiag portion of the lamp being 
built up of standard parts, inter- 
changeable with the existing standard 
“ Ceag ” miners' lamp. # 

With the reflector down, an in- 
crease of light of 70 per cent, is ob- 
tained. There arc no dark shadows 
caused by the lamp pillars, an<^a clear 
beam of light otfer an arc of 160 deg. 
is thrown forward. 


The accompanying curves show the 
light given by the " Ceajj” pillarless 
lamp, as compared with that given by 
a standard type of miners' electric 
safety lamp. • 

The reflector can, if necessary, be 
placed completely over the top of the 
wellglass of the lamp, or secured in 
any intermediate position by means 
of a thumb screw. 

It will be noticed that the curve 
showing the distribution of light for 
the standard lamp, shows four dark 
shadows caused by the pillars or pro- 
tector rods, but gives otherwise an 
almost uniform all-round illumina- 
tion. The elliptical shape of the light 
curve is due to position of the 
filament, the bow 
of which lies 
along the axis 90 
deg. to 270 deg. 

T he shaded 
area show? the 
light distribution 
in the same plane 
4)y the pillarless 
lamp. The dark 
areas due to the 
protector rods 
are removed, and 
a clear beam of 
light is thrown 
over an arc of 100 
deg. The light 
falling on to 
the reflector is 
thrown forward, 
the candle-pow’er 
in this direction 
bein^f approxi- 
mately zA c.p., 
• as against 1 .4 c.p. 
with a standard 
lamp ; this means 
that the illumin- 
ation on the work 
is 70 per cent, 
greater, and 
Fig. 1 Front Elevation the arc of light 
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between shadows is increased from So 
deg. to 100 deg., thus giving a wide 
area of light of greater intensity. 

When the bridle is lowered, as in 
Fig. 2, the light given is represented 
by the standard lamp curve without 
any shadows. In this position the 
vertical distribution of light is very 
nearly ideal, and minute examina- 
tions of the roof, etc., can lx* made. 

It will thus be seen that the pillar- 
less lamp has many advantages over 
the standard type of miners’ lamp. 

The “ Ceag " miners’ standard lamp 
is illustrated in Fig. 3. This lamp 



possesses several patented features, 
not found in other miners' lamps, 
which features are also incorporated 
in the pillarless lamp, chief among 
them being a safety fuse, so arranged 
that in the event of the wellglass 
being broken, the circuit from the cell 


is automatically 
any part of the 
lamp which may 
thereby lx* ex- 
posed becomes 
electrically inert. 

A specially de- 
signed conical 
spring is placed, 
through the 
medium of the 
bulb, in oppo- 
sition to another 
spring, which 
serves to carry 
the bulb contact, 
and between 
these two springs 
the bulb floats. 

These springs 
not only take up 
all vertical, but 
also all lateral 
shocks to which 
the bulfi may be 
subjected. 

The lamp is 
switched on or 
of! by rotating 


disconnected, and 



Fig. 3 Standard Lamp 
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the top relative to the bottom of 
the lamp. , 

The lam]) can lx* supplied of a c.p. 
from 1 to 2, the higher c.p. being 
obtained over an H-hour shift, the 
standard adopted Ixdng a lamp of 
1 .Ojjc.p. capable of burning for 1 2 hours. 

The accumulator is of the “ Jellac ” 
type, containing no free acid, and 
there is, therefore, no corrosion of 
metal parts nor leaking of acid from 
the lamp. • 


The “ Jellac ” electrolyte (which 
name is the “ Ceag " registered trade 
name for this solid electrolyte) is a 
chemical compound specially treated 
to remove deleterious substances 
which would cause local action and 
wasting of the electrodes. 

The electrodes are circular in shape, 
thus ensuring maximum mecharfical 
strength £nd complete freedom 
from buckling and short circuit, 
and are Carried clear of the cell 


bottom by a special spacing insu- 
lator. • $ 

The lid is sealed by ^patent sealing 
strip which can be cut through for 
examination of the electrode, fahich 
can then be taken completely out of 
the cell by raising the cell lid to which 
they are attached, and can be repalced 
without dismantling* after examina- 
tion, if desired, and the cell sealed by 
affixing a qdluloid sealing strip around 
the lid and case. 


Engineering in Bacon Factories (ii) 

(Continued from page 438) 

BY W. A. TOOKEY, M.I.Mkch.K. 

Paper read before the Junior Institution of Engineers, London 


T HE type of weighing machine 
illustrated is such as is made 
by W. & T. Avery. It 
will be noticed that an 
overhead susjjension bar is 
placed between the ordinary track 
rail, and by means of levers the weight 
is read off a steelyard, as in the ordin- 
ary platform weighing machines. At 
this point the weights are booked and 
recorded, it being the rule in some 
factories to pay the farmer so much 
per score dead weight. When, how- 
ever, the pigs are bought on live 
weight, the machine is usually placed 
in a convenient position to the styes, 
and takes the form of a platform scale 
with wooden sides and hinged ends. 

Refrigeration 

In the majority of bacon factories 
ammonia machines are used for pur- 
poses of refrigeration, although others 
(such as at Redruth and Dunmow), 
fitted by Messrs. \Y. Douglas & Son 
Ltd., of Putney, are equipped with 
SO* machines. It is not intended to 
remark upon the relative merits of 
ammonia or sulphur dioxide, or of 
carbon dioxide, as refrigerant, it 
merely being requisite to state that 
whatever system be • installed, the 
plant should be of ample capacity 
for the work to be done. v 

’Successful bacon curing depends 
upon many things, but unless the 
proper temperature is maintained, 
failure and extensive loss results. 


Chilling must be carefully watched, 
and not be attempted in too short 
a time, otherwise the outside of the 
carcases will be chilled before the 
interior. A sufficiently long pre- 
liminary cooling period in the hang- 
ing room is essential. 

In an ammonia system which was 
illustrated, the layout of direct ex- 
pansion piping was such, that control 
was provided for a number of inde- 
pendent circuits for lard and offal 
rooms, pickle cooling, chilling, curing 
and baling. Attention was directed 
particularly to the air cooler, which 
is provided with an electric fan, and 
furnished with doors, so that air can 
be circulated round and round the 
chill room, the curing cellar, or both, 
as circumstances may require. 

Power 

A steam boiler is indispensable in 
a bacon factory for scalding, washing 
down, and in the various subsidiar}' 
processes, and economical production 
of steam is therefore an important 
problem. Oil burning furnaces have 
peculiar advantages, seeing that the 
dirt inseparable from coal -and ashes 
is entirely dispensed with — a strong 
recommendation in any food factory’ — 
while the rate of steaming is always 
under control, and evaporation can 
then be made to accord closely with 
the varying demands. Besides this, 
oil is used for the singeing furnace, 
and the same fuel can be utilised to 


great advantage in the economical 
development of power by means of 
oil engines. 

In a number of bacon factories, 
steam engines have been installed, but, 
as is well known, these are very un- 
economical in the smaller powers, and 
the conditions of work in bacon fac- 
tories are such that the waste heat in 
the exhaust steam cannot be wholly 
recovered the greatest output of 
power, and consequent maximum 
volume of steam rejected, often occur- 
ring when least need exists for heated 
water. For this reason gas engines 
and producers have frequently been 
installed, because they operate at 
much less expense, but in the author’s 
opinion there is a great future for the 
“ cold-starting ” oil engine in these 
factories. 

r 

Electricity is indispensable for light- 
ing and for operating machines in 
various parts 6f the iactory. Both 
individual and group driving is ap- 
plicable — the latter in the fodder 
factory and sausage department, and 
the fomieBi for operating elevators, 
fans, pickle pumps, etc. 

• It is also mosit desirable to instal 
accumulators, so that current is 
always available to keep the circu- 
lating brine pumps and cold air fans 
in operation after working hours. 

In moderate-size factories it is de- 
sirable to house the refrigerating 
machine, engine, dynamo, and battery 
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in a separate building, but jnuch de- 
pends uporr % local circumstances, and 
full consideration has to be given to 
the, peculiarities of each case. 

Water Simply 

At Hlmswell the St. Kdniundsbury 
Cooperative ^lacon Factory obtains 
its supply of water from artesian wells 
sunk by Messrs. Le Grand, Sutcliffe & 
Cell Ltd. The first boring was put 
down several years ago, and was fitted 
with a small deep well pump capable 
of delivering 300 galtons per hour. 3 

This supply, was found £o be in- > 
sufficient, owing to the great increase 
in the size of the factory, therefore 
in 1921 a new borehole was put down 
by Messrs. Le Grand, Sutcliff & 
Gell Ltd., the well being 0 in. in 
diameter and ly 8 feet deep, and an 
abundant supply of water was ob- 
tained from the chalk formation, the 
top of the chalk being reached at 
118 ft. Bin. below the surface; in 
other words, 118 ft. Bin. of the 
glacial drift had to be first penetrated. 
These upper beds of glacial drift are, 
from a geological point of view, of 
quite recent formation, and consist 
of beds of clay, sandy clay, gravel, 
and sand. 

A certain amount of water was met. 
with in these beds at 30 feet and 
47 feet from surfdbe respectively, but 
as the water in these beds is frequently 
liable to contamination, it was shut 
out by Bin. steel tubing, which lines 
the borehole, and which reaches from 
the surface and penetrates 0 Let into 
the chalk, terminating with a steel 
shoe which is driven tight into the 
chalk. j 

All the water, therefore, conies from 
the chalk, the borehole being unlined 
below the bottom of the 6 in. pipes. 
The actual level of the chalk water is 
SB feet below surface, and this is 
pumped up by means of a deep well 
pump supplied by Messrs. Le Grand, 
Sutcliff & Gell Ltd., capable of 
raising 1,209 gallons per hour. 

The chalk is the chief water-bearing 
bed of Suffolk, by reason of its thick- 
ness (over 800 feet in places), and by 
its large area of outcrop, the greater 
part of the water finding its way down 
and along the cracks and jokit places, 
and other fissures generally so common 
in the chalk, and which can be seen 
in any chalk pit or cliff. 

The source of the water, which 
supplies this well is from the great 
chalk outcrop which runs N.K. and 
S.W., running as far North as Hun- 
stanton, and southward to below 
Hitchin 
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A large reservoir, to hold 10,000 
gallons, is now being erected so as 
to have ample storage capacity. 

Sewage Disposal 

This is a most important considera- 
tion, and, again, the peculiarities of 
each factory as to site etc., must be 
considered. At Hlmswell a septic 
tank and coke filter sysjeni has been 
installed by Messrs. Tuke & Bell Ltd. 

All rain and clear washing water is 
drained off separately, and, passing 


a catch pit, eventually enters a land 
drain. The sewage proper is gravi- 
tated to a settling tank fitted with 
chain sludge pump and with com- 
pressed air effluent ejector chamber. 
The effluent is lifted to an elevated 
tank, from which it flows under a 
head to the automatically revolving 
sprinklers above coke beds 20 feet « 
in diameter and 5 feet high. Subse- 
quently the effluent flows to a land 
drain. As the factory has increased, 
so a further coke bed has been 
added. 
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The peculiar difficulties arising from 
the dry summer of 1921, and the dry- 
ing up of the land drains, caused some 
trouble, and special steps were neces- 
sary to deal with the difliculty, but, 
normally, the system has been suc- 
cessful in disposing of the sewage 
without difficulty. 

* Lard Machinery 

The fat removed from the animal is 
rendered in steam -jacketed pans. The 
leaf fat is usually washed carefully, 
cut up into small squares, melted at 
* low temperatures, and it is so easily 
rendered that no elaborate apparatus 
is called for. The rougher kinds of fat 
do not respond to this simple treat- 
ment, and besides being washed, cut 
and heated, require high temperatures 
to break down the enclosing tissues. 
Auto-boilers are used for this pur- 
pose, these taking the form of enclosed 


vessels, steam- jacketed, and frequent- 
ly in connection with a vaccum pump, 
to obtain greater yields at lower tem- 
peratures. The product is afterwards 
refined in an open pan fitted with an 
agitating device, and arranged so that 
tlie jacket can be Idled with steam or 
with cold water. The filling of the 
lard into bladders or other receptacles 
is from this vessel, or from specially 
designed lard fillers.! m ** *■*«-* 

The systems adopted in various 
factories differ considerably, and per- > 
sonal preference, as well as the nature 
of local demand for lard, etc., in- 
fluence the type of machinery in- 
stalled in this department of the 
factory. 

Gut and Offal 

The cleaning of the guts is often 
done by outside contractors, whose 
staff are accommodated in this depart- 
ment. Strange as it may 
seem, women are the best 
workers at this job. No 
machinery is used in the 
process, so that no en- 
gineering interest invites 
a full description of it. 
It is sufficient to say that 
nothing is wasted, and i 
all jjoes to the rendering 
pan or digester except the 
intestines, which, after 
thorough cleansing and 
sterilising, are used for 
sausage skins ; the liver 
and lungs ; and part of 


the heart, free from fat, which 
pass forward to the sausage factory. 

Digester 

A complete plant for the recovery 
of fat and the production of fodder 
is shown in lug. l,*as constructed by 
Messrs. O. Scott & Son (London) 
Ltd. In this will be seen, on the 
right, the cylindrical digester with 
stirrers on a horizontal shaft, and 
the bgjt-d riven vacuum pump con- 
nected to the charging hopper — the 
latter being immediately below the 
chute receiving the small pieces of 
fat, etc., falling* from the cutter 
shown on the gallery. The residue 
is ejected from the digester — cooled 
and subsequently “ whizzed ” in the 
centrifugal separator shown on the 
left. Finally, the dry residue is 
passed through the disintegrator de- 
picted in the centre of the photograph. 

Another type of similar apparatus 
is constructed by Th£ Industrial 
Waste Eliminators Limited. Bone 
crushers, bone saws, etc., are neces- 
sary auxiliaries in a large factory to 
the digester plant ; while, to avoid 
unutilised waste, catch pits are placed 
in the draining system, to collect fats, 
etc., which would otherwise be lost. 

Condemned carcases are usually 
cut up and disposed of by the digester 
plant. 1 

Blood Plant 

The blood is cooled and converted 
into fodder for pigs, calves and 
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poultry, the apparatus necessary’ con- 
sisting of a blood agitating vessel, a 
lift pump, cooking vat* and blood 
press ^ The coagulated blood cake is 
cut up and dried, and is mixed with 
the product of the bqne mill and 
digester. Some blood is used in the 
preparation of certain kinds of sau- 
sages, W a little goes a very long 
way, and the amount of blood to be 
disposed of is far more than can lx* 
used for these edibles. The fodder 
in which dried blood is ground up 
with residues from the digesters is 
excellent for pig food, so that it is 
highly suitable to feed pigs with 
the waste products of their prede- 
cessors. 

J 

Sausage Machinery 

It is not infrequently the case that 
sausage making is J omitted from the 
layout of a bacon factory. Much 
depends upon the locality, and cost 
of distribution. When thus equipped, 
the usual fat and meat cutters, 
mincers and filling machines are 
driven, and these are sufficiently vvell 
known to excuse lengthy description 
in this paper. 

Pickle Pumps 

These are usually of the centrifugal 
type, for dealing wit]} salt liquor and 
brine generally. For injecting salt 
into tlx* animal through the arteries, 
a hand pump on a tub is usually fitted, 
and the injection made by means of 
a sort of hollow skewer, with perfora- 
tions through which the pickle is 
forced into the carcase at a uniform 
pressure of about 00 lb. per square 
inch. 
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To be successful and profitable, a 
bacon factory must be well laid out 
in the first instance. Proper pro- 
portioning of departments is essential, 
and while quite a number have started 
from small beginnings, it is very 
necessary to have adequate machin- 
ery and engineering services to permit 
extension with economical working 
with full labour-aiding devices. 

Certain firms have specialised in 
bacon factory equipment, and the 
author desires to express his obliga- 


tions to Mr. J. Wendelbo Madsen, of 
Copenhagen, for a number of slides 
descriptive of Danish practice ; and 
to Messrs. Wm. Douglas & Sons 
Ltd., of Putney, for loaning some of 
the illustrations. Messrs. Ughtfoot 
Refrigeration Co. Ltd., The Industrial 
Waste Eliminators Ltd., E. Maund- 
rell, Esq., of Caine, Messrs. Tuke & 
Bell Ltd., and Messrs. Le Grand, 
Suteliff & Cell Ltd., have also 
assisted in preparing the diagrams 
and drawings exhibited. 
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Successful Pump- 

Manufactured by the Pulsometer Engineering Co. Ltd. t 



I F engineering manufacturers de- 
rived any advantages from the 
trade slump, one was that of 
ascertaining with some degree 
of accuracy the extent to which 
their products might be called 
indisjxnsable. The scarcity of money 
postponed the purchase of all but the 
most essential plant, and with so 
many competitors in the field, those 
manufacturers alone whose goods 
possessed the highest standards of 
utility were able to effect sales. It is 
interesting, therefore, to examine 
some of the products which showed 
up well in this enforced competition. 

One of these was the Stereophagus 
pump. The volume of business trans- 
acted in this pump since its intro- 
duction has always been large, but its 


popularity has been a marked feature 
of tlie past two years. 

As its name, “ The Hater of Solids,” 
implies, it was designed for pumping 
liquids containing a heavy proportion 
of solid matter, and its advent has 
solved some of the most difficult 
problems connected with the raising 
of sewage, from the mechanical as 
well as from the financial point of 
view. The removal of the necessity 
for screening, a troublesome process 
to say the least of it, is an achieve- 
ment the importance of which cannot 
easily lx* overestimated. 

The Stereophagus is essentially a 
centrifugal pump in appearance and 
in its method of operation, as will be 
seen from Fig. No. 1. The impeller, 
which is conical in form, carries scroll- 


shaped vanes, whilst in the casing 
there is litted an adjustable knife 
blade, the cutting edge of which is 
fixed parallel to the face of the vanes, 
and in close contact with them from 
the point of the impeller outwards. 
To give an exact idea of what these 
items'are, we reproduce in Fig. No. 2 
a photo of the puirip with the cover 
removed. 

Any solid or fibrous matter which 
is unable 1^> pass between the inifxller 
and the casing is carried round to the 
knife blade, where it is subject to a 
slicing action between it and the im- 
jxdler blades. This action is con- 
tinued until the obstruction can pass 
the impeller, and is performed with- 
out shock, the cut being similar tc 
that of a pair of scissors, viz., point 
by point along the knife blade. 

The pump is thus self-clearing, and 
is capable of negotiating those solid* 
found in sewage and bilge water, sucli 
as cotton waste, rags, rope, pieces oi 
wood, tin cans, clinker, and debris 
generally. This is accomplished with- 
out the aid of strainers or othei 
similar devices designed to prevent 
foreign matter from entering the inlel 
of the pump. 

This absence of strainers, as wet 
as pf valves, and the freedom fron 
accumulations round the spindles 
difficulties so common in the case oi 
ordinary centrifugal and reciprocating 
pumps, reduces.- the amount of atten- 
tion required to a minimum. The 

( Continued on page 501.) 
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The Scientific Control of Steam* Boiler Plant 

% 

* By DAVID BROWNLIE 

B.Sc. flons. (Lond.), F.C.S. Assoc. M.I.Mln.K., Mem. A.M. Soc. M.E., A.I.Mech. E. 
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T HE above is the title of an 
article appearing in the 
annual number of “The 
Paper-maker and British 
Paper Trade Journal ’’ for 
1921-22, and records the results of 
actual tests made under working con- 
ditions of forty typical steam boiler 
plants of the paper - making industry 
in Great Britain. 

As is well-known, Mr. Brownlie has 
carried out similar systematic tests 
on boiler plant of different industries 
in Great Britain, some of which have 
been published, and we understand 
that the results obtained in other 
industries are to be published shortly. 

The figures published in the article 
under review are highly instructive-— 
the average nett working efficiency 
of the boiler plants of the paper- 
making industry is about 65 per cent., 
as recorded by Mr. Brownlie's figures, 
and he estimates that by carrying out 
the reorganisation of these plants on 
modern scientific lines, that it would 
be possible to operate them with an 
efficiency pf, say, 75«to 77| per cent., 
with, of course, a consequent saving 
in the coal bill. 

Those interested m this important 
subject should obtain a copy of the 
publication referred to, as it is quite 
impossible to deal with the subject in 
the space at our disposal- We would 
say, however, that in addition^ o going 
into each item in detail, Mr. Brownlie 
publishes a table ‘giving the actual 
results in the forty plants referred to. 
To give some rough ideh of the amount 
of detail recorded, we would say that 
the table carries thirty-six columns, 
which is *to say, that the details of 
these thirty-six different items are 
recorded for each of the forty plants. 


We may perhaps, however, record 
one or two extracts from Mr. Brown- 
lie's article as giving a further insight 
into the thoroughness of these tests. 
In describing the method used in 
carrying out the tests, Mr. Brownlie 
says : “ A detailed test of the plant 
was first made for one working day, 
and a further test for one week was 
carried out as a check on the figures 
for the fuel used and the water evap- 
orated, and to ascertain the weekly 
conditions, including all week-end 
losses due to stoppage of plant, etc. 
It is in many cases not the best policy 
to carry out a test for six or eight 
hours, as the figures obtained may be 
somewhat abnormal, and a week’s test 
’should be insisted upon. It will be 
clearly understood that the object of 
these tests was to find out the exact 
normal every-day working conditions 
of the plant, particularly as regards 
efficiency, and the cost in coal for the 
production of a unit of steam (evap- 
oration of 1,000 gallons of water), so 
that a scheme of reorganisation could 
be devised for the more economical 
production of steam, that is to say, 
these figures represent the true per- 
formance of the plants as run from 
week to week. Many boiler tests are 
undertaken under what can only be 
called ‘ faked ' conditions, that is to 
say, the plant is temporarily put into 
good condition, the brickwork re- 
paired for the occasion, and the fire- 
pan and other attendants give a 
special amount of attention. In the 
same way very many detailed tests 
are given on plants where appliances 
are entirely new and working under 
the best possible conditions. This is 
one of the reasons why we are so used 
to reading reports on boiler tests 


where extraordinary results are being 
obtained, such as HO per cent, nett 
working efficiency. On the above 
tests carried out by us, we have taken 
the greatest care to avoid these errors, 
and the boiler-house staff worked the 
plant as usual.” 

Another quotation as showing how 
steam plants arc neglected on elemen- 
tary points of keeping records, we will 
quote the following, which is a refer- 
ence to the measurement of boiler- 
feed water : “ Out of the forty plants 

in only five cases was there any appar- 
atus installed for determining regu- 
larly the amount of feed-water evap- 
ated. It is absolutely hopeless to 
expect to get the most economical 
results on any steam-generating plant 
unless a proper system of recording 
the performance of the plant is 
adopted, and one of the most im- 
portant points is the installation of a 
water meter to keep a constant check 
on the water evaporated. Probably 
not more than 5 per cent, of the boiler 
plants of Great Britain are fitted with 
water meters or other methods of de- 
termining the evaporation, and al- 
though the average for the paper- 
niaking industry on these forty tests 
is 12J per cent., this is still a lament- 
able figure.” 

Finally, taking the following ex- 
tracts from Mr. Brownlie's summary, 
we get a little insight into the im- 
portance of this subject : — “ The grate 
length is generally too long, and nol 
enough coal is being burnt per sq. ft 
of grate area per hour. The coal usee 
is not*analysed, and is used in ignor 
ance of its heating value, and no con 
tinuous record is kept of the evapora 
tion of the plant.# For these reasons 
also, the steam out-put of the plant 
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is too low, and ob\ild be increased on 
an average by/ say, 40-50 per cent. 
In many cases the feed-water is not 
properly treated, with resultant scale 
troubles. Full advantage is tw>t taken 
of the economiser, the average saving 
being only about 12 per cent., because* 
not sufficient tubes are installed, and 
the efficiency of the tubes in use is 
reduced because of scale and other 
troubles. The percentage of CO 2 is 
only 8 per cent., and Combustion 
Recorders are not in general use. 
Proper use is not made of super- 
heaters, and a fair amoJfit of steam, 
averaging 3} per cent, of the pro- 
duction, is used auxiliary to the 
production of steam. 

“ The general practice of using 
chimney-draught and steam-jets is, 
as a general rule, qiyte wrong, and 
mechanical draught is not utilised to 
anything like the full extent. 

41 Further, also with regard to the 
utilisation of steam in close associa- 
tion with the generation of steam, the 
boiler and steam pipe covering is apt 
to be defective and of inferior quality, 


and the average steam pressure is 
too low for the most efficient results. 

“ A modern plant nin on scientific 
lines will give results of from, say, 
75-82 £ per cent, nett working effi- 
ciency, with ordinary steam coal or 
coke, depending upon the particular 
conditions of the plant. 

“It must be remembered that the 
efficiency of tany boiler plant depends 
largely upon the quality of the coal 
used. Thu*, for purely refuse coal, 
the best efficiency obtainable may be 
only, say, 05 per cent., but with the 
best quality coal, the figure may be - 
over 80 per cent. Speaking very 
generally, however, it will be correct 
to state that for all practical purposes 
an average nett working efficiency of 
75 per cent, can be obtained for con- 
tinuous performance. This figure is 
based 011 our 10-12 years’ continuous 
experience on boiler plant work, which 
includes the reorganisation of scores 
of boiler plants under every condition, 
and is not a theoretical assumption.” 

Mr. Brownlie’s final paragraph re- 
fers to the important question of keep- 


ing a complete w p eekly log, or, in other 
words, means a proper cqating system 
and equipment for steam generation, 
and says : — ‘^Many steam users have 
an idea that such an equipment is 
extremely expensive, and will not pay 
for the installation. This is not the 
case. Taking a typical boiler plant 
of six Lancashire boilers, burning 
12,(KK) tons of coal per year, valued 
at, say, £24,000, the cost of a com- 
plete equipment of instruments, in- 
cluding water meter and accessories, 
automatic coal weigher, COa recorder, 
bomb calorimeter, and general coal 
testing outfit, pyrometer installation, 
and recording draught and steam 
gauges, would cost less than £1,000. 
Taking the cost of a skilled attendant ' 
as £350 a y^ar, interest on money at 
0 per cent., and depreciation at 15 
per cent., the total annual expendi- 
ture will be about £000 at the outside. 

“ The saving to be obtained by 
controlling the work of a boiler plant 
in this manner is on a most conserva- 
tive estimate 10 per cent., that is, 
£2,400 per annum.” 
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Magnets In Use The Gtntral EUctric Co. Ltd. 


An interesting application of the use 
of electric lifting magnets is furnished 
by an order which has just been com- 
pleted by the Witton Kramer Electric 
Tool & Hoist Co. Ltd., Birming- 
ham, to the instructions of Messrs. 
Braithwaite & Co., of West Brom- 
wich. 

Our illustration shows one of four 
similar equipments which are being 
shipped to Bombay for use in unload- 
ing steel plates. 

For a large pipe line w hich is being 
erected in Bombay, about 80,000 tons 
of steel plates will be used. 

The plates are being shipped to 
India flat, and will be* rolled into shape 
on site. 

The duty of the magnet is to pick 
up four plates, 10 ft. X 7 ft. 4 in. X 
} in. thick, or five plates 15 ft. \ 
7 ft. 4 in. x | in. thick, either one 
at a time or in the complete bundle. 
They will then deliver the plates 
either into stock or into the bending 
machines one at a time. 


I 11 order to accomplish this, the 
magnets are arranged with special 
controllers, so that by varying the 
amount of current supplied to the 
magnet, it is ]46ssible to pick up one 
plate at a time. For example, start- 
ing with one plate, it is possible to go 
to another pile and pick up a second, 
move on to a third pile and pick up 
a third plate, and so on, and to drop 


them ogf one at a time alongside each 
of the four machines. 

"These equipments are only one of 
the many special types of lifting mag- 
nets produced ^t various times by the 
Wittmi Kramer Electric Tool & 
Hoist Co., who are specialists in the 
design of electro-magnets for every 
purpose for which this type of gear 
can be used. 




Conducted by HARTLAND SEYMOUR 


• 0 

THIS SECTION DEALS WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF THE*WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 


Organisations for the Promotion of Industrial 

Welfare Work 

By GLADYS M . BROUGHTON » 


T HIvS paper will# deal with 
various organisations that 
minister # to the needs of 
industrial employees out- 
side working hours. I do 
not propose, however, to deal ex- 
haustively with such agencies, but 
propose rather to ask the Conference 
to consider the different directions 
in which such work might be ex- 
tended. If, therefore, 1 omit to 
mention any societies or any special 
branches of work, I trust it will be 
understood that the omission has 
only arisen because of the desiie to 
spend more time in considering how 
such activities may^e made to bring 
within the purview larger and larger 
numbers of industrial workers.^ 

In Bombay, the Social Service 
League may well be taken as an 
example of a Society alive t<^ the 
needs of the workers. It ha£ estab- 
lished night schools in various mill 
areas, and has also opened reading 
rooms and libraries* and travelling 
libraries. It also endeavours to pro- 
vide medical aid by opening charit- 
able dispensaries for men, women and 
children. Admission of destitute cases 
into hospitals is also secured. Com- 
plaints are.sent to the municipality 
where insanitary conditions close to 
dwelling houses are found. An at- 
tempt is also rfiade to # provide recrea- 
tion for employees by arranging for 
sports and open-air excursions. In 
addition, the Social Service League 
manages the Currimbhojr Hbrahim 
Workmen's Institute under the Agents 
to whom it belongs, as well as tl\e 
Tata Institute. 

These two institutes furnish useful 
examples of what is being done by 
enlightened employers. Membefs of 
these institutes have the benefit of 
reading rooms and libraries. A day 
school is also maintained for half- 
timers, and a night school for adults. 


A mill doctor is engaged to attend to 
the* health of the employees, and in 
the case of the Tata Institute a 
woman doctor looks alter the women. 
Employees are encouraged to save in 
the savings bank specially started for 
them. Loans can be obtained through 
the Co-operative Credit Societies. 
Stores on Co-operative lines have also 
been started, and have been largely 
patronised by the employees. 

The Seva Sedan Society in Bombay 
may be described as the Sister Society 
of the Servants of India. It is en- 
tirely concerned with women and 
children \ social, medical and educa- 
tional work all come within its scope. 
The quarters of the poor are visited, 
and medical relief given, especially in 
confinement cases. Educational classes 
are held. Although industrial workers 
are helped when they are found in 
needy circumstances, yet this society 
is not primarily concerned with them, 
but with all cases of distress. 

Calcutta and Madras both have 
their Social Service Leagues, but on 
the whole the problem of helping 
industrial workers, as such, has not 
yet been tackled very extensively in 
India. It is true that in comparison 
to the total population of India, the 
industrial population is very small. 
Now as the development of India's 
industries is vital if India is to take 
her place in the world, it is essential 
that the workers in these industries 
should have a standard of living which 
will secure efficiency not inferior to 
that of labour in other parts of the 
world. 

# The All-India League for Maternity 
and Child Welfare is yet another or- 
ganisation which is doing useful wel- 
fare work, but, so far as I know, it has 
not allocated any funds specially for 
women industrial workers. Some- 
thing is done in this direction by em- 
ployers such as Tata Limited, the 


Sholapur Spinning and Weaving Mills 
the Kulti Iron . Works, t hrough nia 
ternity benefit schemes, but mud 
more still remains to be done i 
women industrial workers are t 
secure the benefits recommended b 
the Washington International Lubov 
Conference. 

I propose to deal in turn with til 
major needs of industrial workers, an 
to suggest possible ways by whic 
these needs could be more adequatel 
supplied. 

The first essential is good housinj 
In a certain number of cases, than! 
to employers, this has been secure* 
but, unfortunately, the growth < 
slums and unhealthy dwelling plac< 
seems to go hand in hand with tl 
growth of factories. While employe 
should be encouraged to build hom' 
for their employees, definite sugges 
tions may be welcomed as to tl 
kinds of houses that should be pr 
vided, if such provision is intend* 
to secure a permanent labour for 
in place of one that is largely n 
gratory. Whether it is desirable 
create such a force in place of oi 
that, by returning to agricultui 
operations, returns renewed and i 
freshed for factory work, is a d 
batable question, but where skill' 
labour is required it is undoubted 
to the benefit of employers to reta 
as far as possible the men they ha 
trained for their work. An Indi 
worker does not expect very mu< 
and is easily contented, but, li 
workers all the world over, he want 
place that he can regard as a hor 
The type of home considered des 
able varies in different parts of Ind 
but the attempt to provide such 
home is f well worth making. It w 
in most cases, necessitate the lay-I 
of more land, and this is often 
almost insuperable .difficulty. Tb 
who wish «■* employ factory labo 
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however, should be willing to make 
some attempt to overcome this diffi- 
culty by buying land at sotne distance 
from the factory, and connecting it up 
, by means of transit arrangements. 

I Or employers might combine to plan 
out certain industrial centres in# 
accordance with the requirements of 
their workers. Or they might help 
• to start co-operative building societies 
by loaning the initial capital. 

So long as municipalities are short 
of funds-- and tliis seems to be true 
generally — the provision of suitable 
dwelling houses is bouiA to proceed 
slowly. There are, however, eery 
hopeful signs in soyie provinces of a 
determined effort on their part to deal 
with the problem in so far as funds 
permit. Everyone has heard of the 
Bombay Development Scheme, and 
of the proposal to erect suitable houses 
for industrial workers in connection 
i with it, but even the land reclamation 
| scheme will scarcely provide enough 
l space to meet the ever-increasing 
needs of that town. The Improve- 
ment Trust in Bombay has done 
much to better the conditions of life, 
but it, too, is severely hampered by 
lack of space. 

Calcutta, too, has an Improvement 
Trust, but does not appear to have 
done much hitherto to tackle the 
problem on a large scale. There is 
less need there than in Bombay, as 
most of the large jute mills lie outside 
the city, and in a great many cases 
employers have provided houses for 
their own workers, but some of these 
settlements, too, are very over- 
crowded and insanitary. The over- 
crowding in Cawnpore is well known. 
There, too, in some cases, employers 
have endeavoured to meet the need 
by providing homes for their workers, 

| and here I would like to say that some 
P of the settlements in the town have 
v, : succeeded in offering places that can 
be regarded as homes. The houses 
. are built round a courtyard, and, iii 
i addition, each has its own private 
h: yard. Dong avenues of trees give the 
; place a pleasant appearance. Space 
vj has been provided for recreation, and 
f in the evening children and men may 
be seen there thoroughly enjoying the 
opportunity of getting exercise in 
l healthy, open surroundings. 

The question then inevitably arises, 
what more can be done to provide 
adequate and suitable housing for 
l employees ? The first step, I think, 

; is that the subject should r oe ven- 
t til£ted, and suggestions should be 
invited as to the kinds of houses that 
K are likely to be appreciated. Large 
employers of labour and officials of 


the municipalities should then meet 
to draw up scfiemes enabling them to 
co-operate. Doans should be raised 
for building purposes, and schemes 
for co-operative housing be encour- 
aged wherever possible. Factories 
should not be opened in congested 
districts. Transit facilities round 
large industrial centres should 4 lx 
made to sewc the needs of workers 
wishing to f enter factories. These 
suggestions # are necessarily somewhat 
vague and general. The problem will 
differ in different localities, and will, 
in consequence, require to be handled f 
differently. No stereotyped plan will 
lx* suitable everywhere. The need is, 
however, very general, and the desira- 
bility of tackling the problem on a 
large scale is self-evident. This, then, 
may well be the common starting- 
point of all schemes. 

Food Supply 

A suitable and inexpensive food 
supply is as important as good hous- 
ing. But even in this respect the 
workers require help and education 
to make them realise that the amount 
of energy they can put into their 
work is dependent oil the nutritive 
qualities of the food they eat. If an 
enquiry were made into the ordinary 
diet of a factory worker, it would be 
possible to trace the connection be- 
tween the amount of energy he puts 
into his work and the kind of food he 
eats. There can be, I think, little 
doubt that such an enquiry would 
furnish useful information with re- 
gard to the kinds of food that should 
form part of the dietary of a worker. 
It might then be possible to arrange 
for a regular supply of the more im- 
portant articles of such a dietary in 
industrial centres. In place of this, 
the employee is frequently faced with 
great difficulties when he has to make 
his purchases. When he first joins a 
factory he has little or no cash in 
hand, and has often to wait for more 
than a month before he can draw 
wages. He inevitably gets into debt 
with a local banyia, and finds himself 
forced month after month to buy 
from him owing to his inability to 
get rid of his initial debt. In this 
way he is prevented from getting full 
value for his money, nor has he the 
same freedom of bargaining, and of 
thus reducing the price. The success 
that has attended the opening of co- 
operative stores in mill areas should 
stimulate those responsible for the 
growth of the co-operative movement 
to enable the attempt to open such 
places in all large industrial areas. 


The indebtedness already men* 
tioned, ,and which seems to be the lot 
of many employees, is f yet another 
reason why the growth of this co- 
operative movement should bfr en- 
couraged. The co-operative credit 
societies thatdiave been opened as a 
result of the effort of the Bombay 
Social Service Deague for mUl em- 
ployees have been successful. The 
experience that they have gained may 
well be maQc available generally. So 
far the co-operative movement has 
concerned itself mainly with agricul- 
tural workers, and the needs of in- 
dustrial workers are only gradually 
beginning to be recognised.* Attempts 
are being made in Bombay and 
Bengal, but the movement would £ 
spread more rapidly if propaganda 
work were undertaken, and if arrange- 
ments were made for starting co- 
operative credit societies and stores, 
and, at the same time, also providing 
facilities for saving. I have heard 
of men having to go all the way 
back to their own villages in order to 
take the money they have saved 
home, because no other way was 
open, or because they were suspicious 
of the Post Office. In this case the 
agricultural co - operative societies' 
could do useful work if they linked 
up with industrial co-operative socie- 
ties. 

Besides good Ijpusing and suitable 
food supply, provision needs to be 
made for medical aid. This is pro- 
vided to a certain extent by em- 
ployers, and to a certain extent by 
the State and municipalities. The 
provision now available is, however, 
in many cases very inadequate to 
meet the needs of workers. Em- 
ployers in some- cases contribute to 
hospital, and so have the right to 
send their workers for treatment. In 
other cases they keep their own doc- 
tors. Here, too, however, they could 
do much by combining to secure a 
thoroughly efficient health service for 
their workers. Owing to the dislike 
of being attended to by men, women 
very often get no medical aid at all. 
In a few large towns there are hos- 
pitals for women only, supported by 
the Countess of Dufferin’s Fund. 
They frequently, however, need ad- 
vice for stfiall ailments, as well as 
expert # help at the time of confine- 
tfient. The All-India Deague for; 
Maternity and Child Welfare is doing ^ 
something to* supply this need, but? 
the heavy infantile mortality in such^ 
places as Bombay and Cawnpore 
seems to call for much more thorough 
measures, and a very much more ex- 
tensive system of relief than can be 
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secured by a body that is entirely 
: dependent on voluntary subscrip- 
tions. 9 • 

^ Next, if employees ar^ to be ren- 
dered efficient, and to be encouraged 
to ratse their standard of living, a 
great deal requires to be done to 
bring educational facilities within 
; their reach. Education of factory 
. ettiploy^es, however, cannot be dealt 
with systematically until education 
compulsory not only f v children 
but also for half-timers, and until 
adults, too, can continue their educa- 
tion in evening schools. This is, 
however, yet a long way off, and in 
the meantime something is beiag done 
to fill this gap. The work done by the 
^Servants of India Society in Bombay, 
and by such institutes as the Currim- 
bhoy Workmen’s lnstitu^ and the 
Tata Workmen's Institute, has al- 
ready been mentioned. Employers 
in other parts of India are also help- 
ing in this direction. The Bucking- 
ham and Carnatic Mills have founded 


schools which are well known. These 
are, however, only a f drop in the 
ocean. What is wanted is extensive 
propaganda work. Once the workers 
themselves realise their ne$d for 
education, and ask for it, education 
will advance by leaps and bounds. 

After thinking over the educational 
work done in this country, I have 
conke to the conclusion that much 
of its utility is lost because it con- 
centrates entirely on the education 
of children, instead of endeavouring 
to interest and to educate the parents. 
The result is that the children, after 
•they leave school, have no incentive 
to keep up what they have learnt, and 
very soon forget it all. If, therefore, 
the State or municipal authorities 
endeavoured to provide educational 
facilities for adults, much of the 
labour and money that is spent on 
the education of children would not 
be thrown away. 

Before closing, I would like to draw 
attention to the great advantages that 
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ensue if arrangements are ^made for 
providing for. the recreation of factory 
workers. Where possible, it should 
undoubtedly 0 be the duty of munici- 
palities to provide open spaces for 
games, and parks in which to rest. 
Cinema halls, too, if made subject to 
control, arc also very useful for pro- 
viding the necessary rest and change 
after long hours of work. Employers 
in different parts of India have, to 
some extent, attempted to provide 
for the amusements of their workers 
in their leisure hours, but much could 
be achieved if they would co-operate 
together, and with, the municipal 
authorities for this purpose. 

I have only been able in the paper 
to deal in a somewhat cursory’ man- 
ner with the more obvious needs of 
industrial workers, and can hardly 
flatter myself that 1 have done more 
than break the ground ; if, however, 
it helps to stimulate discussion, and 
to arouse interest in the subject, my 
object will have been achieved. 


t 
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Economy in Colliery Boiler Plants 


At a recent meeting of the -Man- 
chester Geological and Mining* .Society, 
a section of the Institution of Mining 
Engineers, an interesting lecture on 
this subject was given by Mr. Arthur 
Grounds. Mr. Grounds pointed out 
that Mr. David Brownlie had pre- 
viously shown, based on many years’ 
testing, that the average nett working 
efficiency of colliery steam boiler 
plants in "Great Britain was only 
about 55| per cent., and that this 
; could be raist*l to 70 per cent, with 
any reasonable care and attention, 

. even with the very mixed quality of 
^ fuels used in the average colliery fire- 
kfeole. This would mean an average 
paving of 21 per cent, in the fuel bill, 
that is 3,900,000 tons of cdal per 
%annum in British •collieries on the 
y present consumption of 18,000,000 
Jsiions per annum, 6} per cent, of the 
*total coal raised. Mr. Brownlie was 
also of the opinion that collieries do 
to ot make the most efficient use of the 
refuse fuel available in the sense that 


too much good quality saleable coal 
is used, and if this defect was remedied 
at least another 15 per cent, in the 
coal bill could be saved, making a 
total saving of 36 per cent., or 
0,600,000 tons per annum. 

There is no question that in the 
colliery industry throughout the 
world, an enormous saving is to be 
obtained in the firehole in the two 
directions of more efficient burning 
of the existing mixed coals, and the 
utilisation of a much higher propor- 
tion of unsaleable fuel. Mr. Grounds 
is of the opinion that only about 15 
per cent, of the coal burnt at collieries 
is definitely unsaleable, and very 
much more than this could be used. 
A very large proportion of colliery 
refuse contains a high percentage of 
aSh, up to 50 per cent., through being 
mixed with shale and stone, but is 
dry and of suitable size. Material of 
this kind is best burnt on adapted 
chain grate and other types of travel- 
ling grate stokers under water-tube 


boilers, with suitable ash handling 
plant. The usual hard and acid pit 
water, which has created such a 
prejudice in collieries against the 
use of water-tube boilers and econo- 
misers, must of course be treated in 
a softening plant, but under these > 
conditions very good results are ob- 
tained Wet material, in the shape, ■ 
for example, of “ slurry ” from the 
washing plant, having about 6,000 
B.Th.U., with 20 per cent, water and 
25 per cent, ash, is difficult, but it 
can be burnt with hand firing 
and very strong mechanical induced ■$ 
draught. Fine anthracite and other 
material low in volatile matter ha9 
always been particularly difficult, 
because of the trouble with ignition, 
but recent work in connection with 
the drastic alteration of the firebrick 
arches in the chain grate type of stoker, 
and tlut improvement in the design of 
the “Turbine” steam jet furnace, 
would indicate that this problem is 
beginning to approach solution. 
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Safety First in India 
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I N V INSTIGATIONS into the 

cause of accidents in industrial 
concerns which have been taking 
place in most civilised countries 
during recent years, have re- 


vealed the fact that machinery is not 
the principal cause of these accidents, 
but that, contrary to the general idea 
on this subject, the great majority of 
these accidents are caused by negli- 
gence and want of thought ; or, to 
put the matter in a slightly different 
form, are due to lack of instruction 
and appreciation of the dangers in 
the modern factory. 

These facts have been realised by 
those who have undertaken the pro- 
motion and development of the Safety 
First Movement. They have there- 
fore inaugurated means for giving in- 
struction so as to reduce the percent- 
age of accidents, and the success of 
this movement is clearly demonstrated 
in the actual statistics which are now 
available in many industries. 

It is very pleasing to note that the 
Indian industrialist has taken this 
matter up in a whole-hearted manner, 
and we propose in this short article to 
give the greater part of a contribution 
by Mr. H. M. Surtees Tuckwell, 
M.l.Mech.E., to the “ Safety First " 
Journal , which gives a very interest- 
ing outline of the progress made by 
this movement at the Tata Iron & 
Steel Co/s Works at Jamshedpur. 

Incidentally we might mention that 
at a recent meeting of the British 


Industrial Safety First Association, 
it was dutided to present three 
Indians at this firm’s steel works with 
the Association's Award for risking 
their lives to succour others. 


Mr. Tuckwell states that welfare 
work has always held a prominent 
position in the amenities provided 
by the Board, and when it is stated 
that the Chief Medical Officer and 
his assistants for the year ending 
December, 1910, had 154,857 patients 
through their hands, the importance 
of these responsibilities will be real ! 
ised. 

Land acquired for the works, hous- 
ing, recreation grounds, sewage works, 
and various other purposes totals 
15, 000 acres, and roads, buildings, 
hospitals, schools and drainage have 


necessitated an expenditure of about 
2{ millions sterling. 

t 

The Progress Committee 

Prior to 1919, measures of safety 
propaganda were carried out by a 
committee of superintendents from 
the various departments, and was 
styled “The Progress Committee/' 
whose duty it was to inspect plant, 
improve the equipment where neces- 
sary, and generally report progress. 
At the end of 1919 the title was 
changed to “ Progress and Safety 
Committee," and in 1920, when the 
progress of the works was nearly 
completed, more safety work was 
introduced. Monthly meetings were 
held, and inspection of plant, in- 
vestigation of complaints and reports 
was undertaken by the Committee. 
As the result of their activities, in the 
year 1920, 108 orders were carried 
out, including the guarding of ma- 
chinery, safety devices, and other 
safety work. In the year 1921, 02 
such orders wererfearried out, and up 
till May of last year 188 orders had 
been executed. These comprised 
fencing railway track, covering pits, 
drains, erection of danger warning 
and ^iotice boards, guarding gears, 
pulleys, etc., covering electric switch- 
boards, installing danger signal lights, 
and lagging exposed steam pipes. 

In April, 192v, a suggestion box 
was instituted, and safety award 
buttons were given to the individuals 
who each month had made the best 
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suggestions. This proved very suc- 
cessful, and much interest was ex- 
hibited by the employees in the 
scheme. • 

Bulletin Boards 

The B.I.S.l'.A. bulletins and litera- 
ture Were widely distributed in the 
works, 12 bulletin boards were erected 
at prominent points round the plant, 
copies made of journals and sent to 
heads of departments. Two copies 
of bulletins are exhibited on each 
board - -one in English and two trans- 
lations in Ilindee and Urdu. These 
bulletin boards are of very great 
interest to the w<%kmen, who con- 
gregate round them and discuss the 
bulletins when exhibited. Special 
interest was shown in the B.I.S.l'.A. 
Bulletin A, No. 27, illustrating the 
arteries of the body. The bulletins 
are changed weekly. 

In May, 1921, 21 Departmental 
Safety Committees 9 were formed of 
employees selected from each de- 
partment. These work with the 
General Safety Committee, hold regu- 
lar monthly meetings, and send 
minutes of their meetings to the 


held at the end of the course, and 
certificates given. 

In order to place before employees 
the constant need for care, blue-print 
charts arc prepared showing the num- 
ber of accidents in each department ; 
each chart has twelve monthly spaces, 
and as figures are inserted month by 
month, the increase or decrease is 
shown on the chart. Careful records 
are kept of every detail of accidents, 
including particulars of cause and 
severity. Recent investigations show 
a large proportion of accidents are due 
to sheer carelessness. The reduction 
in 1920 as compared with 1919, was at 
the rate of 2.7o to 1.98 jx*r cent. 
There was a slight increase in 1921, 
due to the great increase in the num- 
ber of employees, and more danger- 
ous work in the construction work, 
involving scaffolding, excavating, etc. 

The results of the “.Safety l ; irst ” 
campaign have been very warmly 
appreciated, and we are informed by 
the Chief Officer that there is no 
doubt that the toll of accidents would 
lx* very much heavier but for the 
“ Safety First ” methods that have 
been adopted. 


adjustability of the knife blade pro- 
vides for wear of the working parts, 
•and ensures the maintenance of maxi- 
mum efficiency. 

The pump is manufactured by The m 
Rulsometcr Kngineering Co. Ltd., 
of Reading, the well - known pump 
makers, and throughout the recent 
depression a remarkably steady de- 
mand for it* was maintained. It is 
nov# to be found in most districts 
where the sewage is specially thick 
or full of hard substances, and the 
numlxT of cases in which installations 
have been running for many years on 
constant hard york, without replace- 
ment of parts and without trouble of 
any kind, is very large. 

The Stereophagus is the invention 
of the I loti. R. C. Parsons, and can 
be fitted up for any type of drive. 


The spirit level which is mounted 
on practically every kind of surveying 
instrument is one of the simplest and 
most familiar of appliances, but it is 
only lately that thanks to the in- 
genuity of a British firm one of its 
essential faults has lx*cn removed. 
The ordinary bubble is not always 
accurate, because its length alters 
according to whether it is hot or cold, 
In the new spirit level referred to, 
the tube containing the liquid is so 
shaped that as the temperature rises, 
only the breadth of the bubble is 
affected, and its length remains quite 
unaltered. 


General Safety Committee who con- 
sider at tfieir montfily meeting the 
recommendations made. Also the 
General Safety Committee hold special 
meetings in connection with any 
fatal accidents which occur, examine 
witnesses, and obtain a report; also 
cases of alleged neglect likely to cause 
injuries are specially investigated. 

First Aid classes are held ; sludents, 
selected from various departments, ire 
supplied with St. John Ambulance 
books ; instruction is also given, and 

S tical demonstration by the* Chief 
ical Officer. Forty-four students 
■%sre attending these instruction 
•dssses this spring, and they are 
fully appreciated. Examinations are 
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Fitting the Young Engineer 

for Public Service 

• • 

Saute interesting . fhierican views on the important c 
subject of training for the Engineering profession 


» 

O WIN(» to the attention now 
being paid to the questions 
of the training of young 
engineers, and their lit ness 
for future social service, 
the views of two prominent American 
engineers are of interest. 

Mr. Frederick Hass, who is head of 
the department of civil engineering at 
the University of Minnesota, says 
that a number of arguments have 
been presented in favour of the 
proposition of a six-year curriculum 
for engineers, the first three years of 
which would be devoted to a liberal 
training in fundamentals. One of 
them is that it would eventually 
result in securing for the engineering 
profession its proper place in public 
esteem. This may be a desirable 
result of such a curriculum, but it 
cannot be considered as an adequate 
objective. 

A calling meriting the distinction 
which attaches to the term “ pro- 
fession ” must require of its members 
an obligation to render service in- 
dividually and collectively beyond 
the remuneration or immediate recog- 
nition which they receive for their 
labour. The soldier, the priest, the 
physician, the lawyer, all are accorded 
a professional status, because their 
lives are primarily devoted to the 
solution of the great human problems 
of preservation of social order, spirit- 
ual welfare, prevention and cure of 
disease, and the administration of 
justice. It is true that all members 
of these professions do not take this 
view of their occupation, but that 
does not invalidate the definition of 
a profession. All engineering societies 
announce service to mankind as the 
purpose of engineering. Altruism is 
the essential motive of a profession. 

The engineer may look forward to 
the day when his calling wiU be ac- 
corded a professional standing, but 
only when the preponderance of 
engineering thought and conviction 
is based upon the conception of en- 


gineering activity as an agency for 
devising economic and just solutions 
of the greater problems of production 
and distribution. Engineering prac- 
tice has grown up from the construct- 
ive arts as applied to materials ; it 
later adopted the methods of science 
and developed enormously, particu- 
larly in the last half-century, but has 
been generally considered as limited 
to mechanical or chemical achieve- 
ments. 

An increasing proportion of men 
receiving a formal institutional train- 
ing has entered its ranks, men who 
sense the limitations of the mechani- 
cal concept, and who realise after 
having mastered the technique of 
their chosen province, that they have 
been out of touch witli the greater 
human forces underlying their occu- 
pation. Engineering is a part of 
business, and most business to-day is 
conducted with an overwhelming re- 
gard for immediate profits. While 
profit is necessary for the continuance 
of business, the professional man, i\% 
a participant, must regard profit as 
subordinate to the real needs to 
which the business ministers. 

A business conducted upon this 
principle will possess a stability 
which enables it successfully to meet 
irregular demands for its product, as 
well as internal disturbances. The 
professional man, in business or not, 
must regard himself as a trustee of 
wealth. This viewpoint is not lacking 
among the ranks of many of the 
greater financiers and business men 
of to-day, nor among the leaders of 
public life. These men are building 
for the future in a large way. 

Range of Vision* 

Since engineers are, because of the 
need of thjir scientific training, enter- 
ing the nSanagement field, which in- 
cludes the technical field, they have 
before them the prospect of taking 
an important, if not a dominating 
influence, in the conduct of commerce, 


industjij’, and public affairs, provided 
that is accepted as the objective of 
their training. If the engineering 
fraternity becomes sufficiently im- 
pressed with the value of the training 
now received in engineering schools 
in accurate observation, correct analy- 
sis and interpretation, and the design 
or formulation of constructive pro- 
gramme, can visualise its beneficial 
application to business, public or 
private, can add to it the professional 
sense of trusteeship, and p.n bring 
pressure to bear upon engineering 
education to accept this greater range 
of vision, engineering need not remain 
a subordinate occupation ; it will at- 
tract the highest type of man, because 
his opportunities will not be subject 
to the limitations of the present. 

Length of Course 

If it be the objective of engineering 
to provide merely for the routine in- 
vestigation, designing, construction -v 
and operation of structures and equip- 
ment used for production or distribu- 
tion, the usual four-year college course 
is probably too long, but if it be the 
mission of engineering to carry its 
analytical and synthetic methods 
into the business of which it is a paft** 
then the four-years’ course is in- 
sufficient either to attract or to train 
the type of man who must master 
not only material but great social 
and economic problems. Not only 
a longer course of stijdy is needed, - * 
but a different* type of study, one: 
motivated by an ideal and providedjf 
with a practical programme. : 

Mathematics and physics are gener- 
ally regarded as the sole fundamental 
studies* in an engineering course, be- 
cause they supply the knowledge of 
natural law and the means of correctly 
interpreting it* But a comprehensive 
kno\%ledge of history, political science 
and economics is none the less essent- 
ially fundamental in the training «f 
the engineer of the future. Not only 
should these subjects be included in 
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professional engineering curriculum, 
but they *shojild be connected defin- 
itely **toith the* problems, of industry. 
Frequently the engineering student 
has afl opportunity to get a smatter- 
ing of these subjects, or of their sub- 
diviskgs, but they are often regarded 
by hS as inddental, because taught 
as having only ipcidentally a relation 
to engineering. The same observa- 
tion may be made of me^ps of per- 
sonal expression. 

The engineer is usually taught 
to express his thought almost ex- 
clusively in the form of mathematics, 
graphical drawings, and structural or 
machine design. Excellent as are 
jthese concise means, he almost uni- 
versally is deficient in the facile use 
of written and spoken language. His 
poverty in this respect is the subject 
of common observation. He is con- 
fined too exclusively to his adopted 
method, and thereby loses the power 
to communicate with groups of men 
whose thought runs perhaps in 

* parallel, but different channels. The 
Engineer’s training tends to narrow 

channels which are frequently worn 
so deep that he, working industriously 
at the bottom, never looks over the 
top, and Oiten he cannot if he will. 
The usual engineering course needs 
more language, both oral and written, 
English* and foreign. 

The engineering student needs to 
know where his work in its simpler 
phases impinges upon that of in- 
dividuals and groups in other occupa- 
tions and professions ; as a practising 
engineer later, he will then appreciate 
where it overlaps and merges in hiore 
complex situations, and the path 
Which his non-engineering associates 
Have travelled in arriving at the 
ppint of juncture with him, as well as 
tte ground which they occupy at the 
time. Every professional engineer 
should better understand non-engin- 
eering people and their various modes 
of thought, Expression and action, the 
reactions among groups, and espec- 
W their significance at this unpre 
.jbedented period of world history. 

i Having set an ultimate objective, 

• and marked out some of the means 
by which it may be reached, it be- 
comes possible to discuss the features 
of an education which will prepare 
engineers for their* destinies. The 
plan of a six-years’ course, the first 
three years given to a bourse in the 
college of liberal arts, followed by 
three years in engineering, presumes 
tHht broad' fo\mdation is laid in the 
first period. The foundation suitable 
for any superstructure generally re- 


quires some preliminary excavation, 
which, in the situation before us, 
means an opening of the student’s 
mind by exciting his intere^ and 
motivating his study. 

The means by which this can be 
done must be by a co-ordinated cur- 
riculum, administered by men who 
knotv its meaning and puroose. Many 
of the instructors in the junior years 
ol colleges of liberal arts to-day are 
themselves highly-trained ^specialists 
who have won their places by re- 
search in restricted fields. Moreover, 
^uch colleges are, as a rule, divided 
into departments, one might almost 
say compartments, without suffi- 
cient means of inter-communication. 

If the earlier years of a student’s 
course can be so planned that he can 
pursue courses in English, economics, 
political science and language, in 
parallel with engineering, and have 
their inter-relations made evident to 
him, there can be no doubt but that 
an ideal training would result, but 
this correlation should be assured 
before such a plan as Professor Burr 
purposes is adopted. As expressed 
by Dean Cooley, of the University of 
Michigan, a "ribbon” system, in- 
stead of a " block ” system, should 
be used. The ribbons should be 
woven into a substantial fabric. 

Grading 

The point is made that all of the* 
students desiring to pursue engineer- 
ing cannot afford to do so if the 
course is made as long as five or six 
years. This is no argument at all ; 
there are to-day many boys desiring 
to study engineering who cannot 
afford to take the necessary four 
years from productive effort ; should 
we therefore reduce the course to 
three years or one ? There is nothing 
inviolable or sacred about the figure 
four ; if the demands for the best 
service which the engineering pro- 
fession can give require five or seven 
years, then it becomes the duty of 
the engineering schools to furnish 
that training. 

Probably the lengthening of the 
curriculum would result in fewer 
students. No doubt it would at first 
have a wry marked effect of this 
character, and possibly a permanent 
one. This would leave the demand 
for draughtsmen and field, shop or 
office assistants unsatisfied. It is in 
all probability true that a consider- 
able number of young men enter and 
graduate from four-year engineering 
courses who would have done better 


both for themselves and the colleges 
in which they studied, to have ter- 
minated their course at the end of 
two years. 

These Are men who have the type 
of mind that develops almost wholly 
through practical experience, men 
who may be satisfied with, or who 
may be limited to, action in the more 
restricted fields of engineering. Con- 
currently with the introduction of 
longer courses in engineering, the 
present four-year courses should be 
retained, or, ; better, shortened to 
three or two years, and, as experience 
dictates, revised in character. Gradu- 
ates from such courses should be 
given a certificate of graduation, 
possibly conferring a title, such as 
" Graduate in Engineering from Jun- 
ior College.” j 

Mr. Bass is of the opinion that these 
shorter courses should be offered in 
universities only in localities where 
there are no other schools to give 
them, such as Wentworth Institute, 
in Boston, or the Dun woody Institute, 
in Minneapolis. State universities 
must, on account of the expediencies 
of the situation, often develop with 
less freedom than the endowed uni- 
versities, and consequently be re- 
quired to administer courses not 
really of collegiate grade. 

In any course of engineering, it is 
his opinion that a close identification 
of the student's classroom work with 
the practice of engineering, and with 
industry, should be maintained. It 
required enormous persistence, pa- 
tience and labour to establish the 
co-operative courses at Cincinnati, 
but the experiment has been success- 
ful, and in modified forms the plan 
is being followed elsewhere. 

It cannot be maintained as a 
simple proposition, that all engineer- 
ing courses should be standardised at 
six instead of four years. But it can 
be truly said that the engineering 
profession has before it a formidable 
task in projecting its ideals of service 
and its scientific methods into public 
affairs and industry, and that in this 
greater task a more broadly-trained 
engineer will be required than in the 
past. The combined efforts of teach- 
ers of engineering, and of the most 
far-sighted men of practice in engin- 
eering, will be necessary to study the 
present situation in the light of future 
demands, in order that a well-balanced 
progranfhie may be formulated for 
the training of members of the futftre 
profession of engineering. Such a 
study should be anjply financed over 
a period of several years. 



The viAv of Mr. Hale Sutherland, 
assistant professor of structural en- 
gineering at the Massachusetts Insti- 
tute of Technology, is that whether 
any particular engineer is # a pro- 
fessional man is often a very de- 
batable question. That engineering 
is a profession, can hardly be ques- 
tioned, although its qualified prac- 
titioners, fully entitled to professional 
status, are not yet sharply defined as 
a legal group by any general system 
of licensing, as is the case with bur 
doctors and lawyers. The clear-cut 
definition of the CcntiAy Dictionary 
may lx? used to establish this •con- 
tention : A profession is a vocation 
in which a professed knowledge of 
some department of science or learn- 
ing is used by its practical application 
to the affairs of others, either in ad- 
vising, guiding or tAching them, or 
in serving their interests or welfare 
in the practice of an art founded on 
it. The word implies an application 
of such n knowledge to uses for others 
ns a vocation as distinguished from 
its pursuit for one's own purpose.” 

In arguing the case, the tendency 
often has been to emphasise the 
technical qualifications of the engin- 
eer, the extent and depth of his 
specialised knowledge, and his expert 
judgment But an essential element 
of professional work is the applica- 
tion of this expert knowledge to the 
use of others. The professional man 
deals always with clients to whom he 
owes a peculiar loyalty, yet he may 
not favour one client at the expense 
of another, and in the largest sense 
his loyalty is to society, the sum of 
all j>ossil)le clients. The humanitar- 
ian ideals have always bulked large 
in the thought of the learned pro- 
fessions, and the masses have always 
turned to these groups for leadership, 
even outside their limited fields of pro- 
fessional knowledge. 

This .standing apart of the pro- 
fessional man as bound by purpose 
to a larger end than his own indi- 
vidual advancement, is of immense 
significance. The struggles of op- 
posing interests and ideas in our 
civilisation to-day are so tremendous, 
the results so uncertain, and of 
necessity bound to be so far-reaching, 
that the average man stands uncer- 
tain and aghast. 

He is sure of but one thing, and 
that is that there must be less of 
conflict, more of co-operaticn, and 
thic principle he applies to the solu- 
tion of all difficulties, large and small, 
, In this judgment he is supported by 
the sociologists, who tell us that the 


advance of civilisation is measured 
by the advance of the idea of co- 
operation. Now the spirit of co- 
operation is pre-eminently the spirit 
of the professional man, and one 
writer has gone so far as to say that 
society progresses in the measure 
that additional groups of workers 
take as their own the standard #nd 
purposes of # the profession. 

So in the* larger view of things, the 
demand of«the engineer to be counted 
as standing with the minister, the 
doctor, and the lawyer, is not a mere 
seeking of selfish preferment, but is* 
a declaration of his recognition of his 
function in the work of the evolving 
race, of his duty to place his special- 
ised knowledge at the disposal of 
society for the advancement of all. 
Anyone who has read of late the 
writings of engineers supporting their 
claim, cannot have failed to note the 
large place taken by the thought of 
community loyalty. 

The justice of Professor Burr's plea 
for the full professional training of 
the engineer is therefore easy to estab- 
lish. Kvery engineer should grasp the 
full significance of the demand he 
makes when he seeks recognition as a 
professional man. No engineer can 
understand the significance of this 
claim and merit the higher rating un- 
less he has gained a sympathetic 
knowledge of mankind’s advance up 
from the savagery of the prehistoric 
past into the complex and disordered 
present. Only such knowledge can 
face intelligently and without pre- 
judice the pagan logic of the reaction- 
ary and the maudlin sentimentality 
of the radical whose clamour confuses 
our ears these days. Wisdom and 
good will are needed to solve the 
problems that threaten civilisation, 
and the professional man is bound by 
his loyalty to a leading part in their 
solution. 

History 

The sympathetic knowledge that 
will command this loyal purpose must 
of necessity include certain definite 
subjects. The story of the life of man 
on this globe from his earliest begin- 
nings to the present, the story of the 
various community groups he has 
formed and now maintains, their 
varying fortunes, the organisation and 
direction of these groups, the wa£s 
in which th^- have made and now 
make their living, the nature of their 
environment, the laws of the natural 
world in which man lives, and the 
efforts he has made to arrive at an 
understanding of life by rational 


inquiry and by emotional evalua- 
tion. . # - 

History, the humanistic sciences 
(sociology, economics, government), 
natural science and mathenfatfcs, 
philosophy, literature : here are five ; 
fields of learning in which a majfctntist ^ 
have real understanding if h*is to 
comprehend the significance *of the 
vast evolutionary procession in which * 
we move <and work intelligently for 
progress. And, of course, to perform 
his special task in society, the pro- 
fessional man must have expert , 
knowledge and ability in his chosen 
speciality. Can the # engineering pro- 
fession do less than* demand that in J 
the future its members receive a # 
training of this scope ? f 

One of the most vital and interest^ 
ing of recent contributions to educa- 
tional discussion i» Mr. H. G. Wells' 
proposition that the backbone of 
education is history. He is asserting 
the same thesis that is here main- 
tained, that the schools should open 
to us the broad horizons of the ^ 
evolving world race, and set our own 
interests and purposes to racial ends. 
He is not greatly interested in 
dynasties and dates, but he is very 
much concerned with getting a clear 
picture of what man is like, his ways, 
thought and doings, past and present, 
that explain man to-day and the 
world situation $y which he is faced. 
He makes this background of the 
past and the vast conflict of the 
present very live and real in his 
“ Outline of History.” One comes 
fron* a reading of that book with a ? 
vivid idea of what the word “ history ” 
really means and with a vast aversion 
to the scholastic deadness that so 
often masquerades by that name. ^ 

As history requires to be related ^ 
to the living processes of the present , s * 
so all subjects are under the same? 
necessity if they are to have living!? 
force. That which is studied fori? 
itself, for its own interest* or beauty, ? 
is a scholastic, a dead thing. When 
this principle is> adhered to, a course 
in Latin has living value. What are* 
our memories of our schoolboy Latin $ 
When this principle is disregarded^ 
our courses^ in history, social science, 
and literature become dead and vapid 
scholasticisms. So it is not enough 
td outline a curriculum. Nor will it 
be enough to specify “ All courses 
shall be so arranged and taught that 
the significance of the subject in the 
life story of humanity shall be plain.” 
The end can be attained only l fy:' 
ensuring that our teachers be men xrf 
vision first, and^scholars second. , : ? 
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THIS SECTION DEALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
si ii • THE MANAGEMENT AND CONTROL OF RAILWAYS i! :: It 


The Grouping of British Railways 

The merging of 4he railways of Great Britain into four large systems, binder 
the tenps of the Railways Act , 1921, presents one of the highest railway re- 
organisation schemes, short of nationalisation, that has ever been attempted. 

This article discusses recent develop wills, and indicates future possi- 
bilities. The lessons are not without interest for India and other countries. 


ITH the year 1923, a 
n<*v era dawned for 
British Railways. Ere 
the year passes into the 
vista of things forgotten, 
the hitherto inaiiy-competing and 
privately-owned railways of Great 
Britain will, under the terms of the 
Railways Act, 1921, be merged into 
four great systems. The transition 
from the stage of wholesale com- 
petition and individual development 
to one of greater corporate activity 
is undoubtedly one of the biggest 
railway reorganisation schemes, short 
of nationalisation* that has ever been 
carried out, but one that will be 
eclipsed in greatness of conception by 
the grouping scheme now under con- 
sideration in the United States, where, 
however, about eighteen groups are 
forecasted. 

A scheme of this magnitude is, 
obviously, one thai cannot be carried 
forward to fruition without a good 
deal of discussion, oftentimes acri- 
monious, but that, even then, it can 
be effected by negotiation between 
the railway companies themselves, is 
a tribute to the foresight of those 
responsifile for their management and 
the sanity of the directors and share- 
holders. 'towards* the end of last 
year, the titles of the new systems 
were published. These are the Lon- 
don, Midland and Scottish Railway 
Company ; the London and North 
Eastern Railway Company ^the Great 
Western Railway Company, and the 
Southern Railway Company. *The 
only one retaining its original title is 
the Great Western, •which, being the 
only, or at least the only important 
constituent, company in its group, 
had its ’name officially laid down in 
the Schedule to the Railways Act. 
The other names — and, indeed, the 


Great Western also— indicate the 
territory served by the grouped com- 
panies. The London, Midland and 
Scottish Railway Company comprises 
the old London and North Western, 
Midland, Lancashire and Yorkshire, 
North Staffordshire, 1'urness, Cale- 
donian, Glasgow and South Western, 
and other companies, and, as its name 
implies, serves the Midlands and the 
North, via the West Coast. The 
London and North Eastern Company 
includes the “three Greats "--the 
Great Central, Great Northern, and 
Great Eastern, — the North Eastern, 
the North British, and other com- 
panies, and while definitely com- 
peting with the London, Midland and 
Scottish Company for traffic in the 
Midlands, primarily serves the East- 
ern Counties and Scotland via the 
East Coast. The Great Western arro- 
gates to itself almost a complete 
monopoly of transport by railway in 
the West of England, and throughout 
Wales, while the Southern Railway, 
except where it competes with the 
Great Western in the south-west of 
England, and with the London, Mid- 
land and Scottish, serves exclusively 
that portion of England situated 
south of the River Thames. 

A Great Change 

So much for the new companies and 
their names, though, in passing, it 
may be recorded that there is a strong 
body of responsible opinion in England 
which considers that the names might 
well have been shortened to Eastern, 
Northern, Western, and Southern re- 
spectively. Incidentally, the adoption 
of these simple one-name titles, while 
thoroughly indicative of the scope of 
the various companies, would have 
realised substantial economies, if only 
in connection with the painting of 


new stock, tilt printing of posters, the 
inclusion of the initial letters on 
uniforms, and the like. But, with the 
usual stubbornness of the Briton, each 
of the more important constituent 
companies stuck out for some portion 
of its original title to be brought into 
the new name ! And the clumsy titles 
adopted by two of the companies is 
the result. 

Those who are not conversant with 
what has been done, and the reason 
for so drastic a change in the national 
policy towards railways, may well 
wonder what has caused suclr an up- 
heaval. It can be explained in com- 
paratively few words. There can be 
no possible shadow of doubt that 
towards the end of the war, during 
which period the railways were func- 
tioning as one unit in the interests oi 
the State, the Government had de- 
cided on nationalisation. In fact 
Mr. Churchill, a Cabinet Minister 
stated as much in the course of his 
election campaign at Dundee during 
1918. Accordingly, a move was made 
in the desired direction by the estab- 
lishment of a Ministry of Transport 
the Minister being Sir Eric Geddes 
who had performed such magnificenl 
transport feats during the war. Thai 
the new Ministry was intended event 
ually to take over the railways of tin 
country “ lock, stock and barrel," is 
at this time, indisputable, but a 
time went on, both traders and th 
public began to voice their grievance 
against Government control of rail 
ways — the control continued for som 
two years after the war, — and th 
responsible authorities began to re 
consider their policy. Then came th 
intention to form the railways*of th 
country into large groups, and afte 
the various sclymes had been pub 
lished, and their potentialities sifted 
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it wa4 left tfi Sir Kric Geddes, in the 
monumental Railways Bill, to bring 
in a definite scheme for tue purpose 
of consolidating railway properties in 
order to effect economies of no. mean 
order. The Railways Bill had a 
somewhat stormy passage through 
Parliament, but it emerged with its 
main object clearly defined —the con- 
solidation of nearly all the railways 
of Great Britain into four large 
groups, and the arrangement of a 
more definite control by the Stat<? 
than has hitherto existed in any 
country where the railways were 
privately owned. • 

• 

Points In the Grouping 
System 

Among other things, the Railways 
Act of 11)21 established* a Rates Tri- 
bunal, the functions of which are now 
well known in India by reason of the 
Acworth Committee's recommenda- 
tion that such a body should be con- 
stituted there, while it also laid down 
that the railways were entitled to earn 
a “ standard net revenue " equivalent 
to a certain percentage on the capital. 
The Rates Tribunal were to fix rates 
that would secure this return to the 
companies, and wherever the com- 
panies, by efficient administration and 
working, managed to obtain surplus 
profits, 80 per cent, was to go in re- 
ductions in rates and fares, and the 
remaining 20 per cent, might accrue 
to the companies' funds. In this con- 
nection, it might be worth while to 
notice that, whereas in the United 
States, the companies were “ guaran- 
teed ” a return of a certain per- 
centage on somewhat similar lines, 
the companies have, in fact, never 
earned it, and while, according to 
the accepted method they should, 
therefore, raise rates and fares to 
improve their position, the general 
demand is for cheaper rates and fares. 

Then again, the Railways Bill, 1021, 
rules out competition except at the 
relatively few points where the big 
systems touch. This is, of course, an 
entire reversal of previous railway 
policy. It had hitherto been an 
accepted form of British parliament- 
ary procedure that, as “ competition 
was the life-blood of commerce and 
industry,” no action should be taken 
that would in any way take away the 
advantages of such competition. For 
this reason, as much as any other, the 
proposed amalgamations brought be- 
fore Parliament in recent years had 
been turned down, and, where not 
absolutely rejected, hemmed in by 
so many provisions tis to render the 


schemes unattractive to those con- 
cerned. Whether, under the new 
conditions, the public is to benefit, is 
a rnat terror the future to decide. It 
would certainly seem that, speaking 
generally, huge monopolies have been 
•formed, and while their operations are 
subject to many controls, one being 
the right of any individual to appeal 
to the Tribunal where lie considers 
he is being oppressively treated, this 
of itself woul^l not appear a sufficient 
safeguard against the naturally mon- 
opolistic tendencies of large concerns. 

While stating that, in my judgment, 
the public will derive no material gain 
from the new railway policy, I must 
make the qualification that much 
depends upon the people responsible 
for the administration of the new 
companies. It is certain that in some 
respects there will be improved facili- 
ties for travel, and possibly in the long 
run slightly cheaper facilities, but 
whether this will make up) for the 
absence of the competitive spmr, time 
alone will show. The new railway 
plan is, indeed, a bold measure, and 
it will be interesting to watch the 
gradual unfolding of the plans of the 
management. 

Advantages of Unified 
Working 

It is, of course, well known that for 
years past British railways had been 
moving in the direction of a consolida- 
tion of their resources, and had it not 
been for the war, there can be little 
doubt that the process of merging, at 
least by the establishment of working 
agreements, would have been carried 
much farther. Kaeh of the large 
group)* had arrived at certain mutual 
arrangements with regard to traffic 
conveyance, and in so far as this had 
been done, no particular advantage 
will accrue from the complete amalga- 
mations now inaugurated. Where 
advantage will accrue, however, is 
in the fact that the whole basis of 
the transportation arrangements will 
be widened, and that a more economi- 
cal use of both locomotives, rolling 
stock and traffic facilities will be 
rendered possible. Moreover, under 
the intensive form of organisation 
that will inevitably be adopted, the 
railway companies will more and 
more tend to standardise their super- 
visory arrangements, and this of 
itself should lead to considerable 
savings. Where, for example, each 
company serving any large town has 
hitherto had its own goods agent and 
stationmaster, it is certain that in 
future there will at the most be only 


one goods agent and stationmaster 
for the grouped cornpmny,, while it is 
probable that jn the evolution to a 
more scientific stage of organisation, 
the ultimate result will be the ap- 
pointment of town or district man- 
agers directly * responsible to their 
divisional heads. But, at most, this 
phase of the subject is qne of internal 
policy, and it may be well, therefore, 
briefly to outline the prospective ad- 
vantages that are likely to accrue to 
the traders and the general public. 

Firstly, then, it may be pointed out 
♦hat whereas through rates were under 
the old regime based upon the various 
charging powers of tlie individual 
companies, the higher rate thus apply- 
ing from the junctions between ad- 
jacent systems, this will be changed 
entirely under the new system. In 
such a way, the trader whose traffic 
travelled over several lines will be 
placed in the same position as the 
merchant whose service was more or 
less con lined to a single system. In 
other words, the charges will be based 
on a system of continuous mileage, 
so much pier mile for the first portion 
of the distance, so much (or the next 
portion, and so forth. This undoubt- 
edly clears away one inequality that 
was productive of considerable contro- 
versy, and , as it places all traders on the 
same general level, it is indisputably 
an improvement on,, the old method. 

In the matter of rates, also, an 
entirely new classification arranged 
on a very wide scale has been arranged 
by the Rates Tribunal, and that body 
is now engaged in deciding precisely 
what traffic .shall fall in the various 
classes. Additionally, a greater meas- 
ure of elasticity has been accorded in 
the matter of exceptional rates, a 
procedure all to the benefit of traders. 
In short, it is not too much to say 
that the term of “ Traders' Charter ” 
which was given to the Railways Act 
of 1921 is abundantly justified. Not 
only do they have the many advan- 
tages briefly alluded to in the fore- 
going remarks, but they have the 
distinct impetus to co-operation with 
the railway companies of the know- 
ledge that 80 per cent, of any surplus 
earned above the standard revenue 
shall accrue tp them in lower rates 
and charges- - or, on the other hand, 
in lower fares. From the viewpoint 
of the general public, it may addi- 
tionally be stated that they will in 
the long run have the definite ad- 
vantage of being able to use alterna- 
tive routes on a far wider basis than 
formerly, and thus obtain the use of 
increased facilities. 

[Continued on page 478.) 



Aerial Transport Developments 

^ brief survey of progress made , and future possibilities, 
viewed primarily from the traffic standpoint , and 
indicating other channels of lawfulness for the airway. 


I N the Manchester Guardian Com- 
mercial Annual Review of Trade* 
Transport, Industry *5lnd Fin- 
ance for the year 192.3, the 
section dealing e with Aviation 
commence* with the following strik- 
ing paragraph Fo^ Britain the 
most important aeronautical event 
of the year was the inauguration of a 
service between* Manchester and Ton- 
don.” To the uninitiated there might 
not appear to be anything of particu- 
lar importance in that announcement, 
but when it is remarked that between 
Manchester and Tondor, roughly 18. r > 
miles distant by rail, there are excel- 
lent railway services by several lines 
which convey passengers between the 
two points in a little over 4 hours, it 
will doubtless be appreciated that if 
an air service can prove popular on 
such a route, there are tremendous 
possibilities even* within the bound- 
aries of a relatively small country. 

This inland service, which was 
started in October, 1922, by the 
Daimler Air Tine, has attained re- 
markable success ; in fact, in #ne par- 
ticular week, the passengers on this 
route were more than the total on all 
the lines between Kngland and the 
Continent. No ^wonder, therefore, 
that the success of the Tondon- 
Manchester route has definitely been 
heralded as the beginning of a new 
era in British transport. 

So far as Europe is concerned, there 
can be sno doubt # at all that aerial 
transport is only at the beginning of 
a big contribution # to the communica- 
tion facilities. During last summer 
some remarkable records in passenger 
traffic were made. At the Tondon Air 
Port, nearly 3,000 passengers were 
dealt with last Augiftt, as against 
1,500 in July. The weight of goods 
conveyed by aii^ is also steadily in- 
creasing, and as these necessarily are* 
goods of relatively Jiigh value, it is 
not surprising that, with tht; help of 
the subsidy given by the French 
Government, the Compagnie Mess- 
ageries Aerienne, which specialises 
in goods carrying, now makes a 


profit on the work. Additionally, this 
line performs a deal of mail-carrying 
work, especially in the South of 
France, and finds it quite a lucrative 
business. 

An Expert Discusses Air 
Transport Progress 

The general question of Air Trans- 
port was the subject of a lecture at 
the British Institute of Transport 
early this year. The speaker was 
Mr. F. Handley Page, than whom no 
one is more competent to deal with 
the question, and the paper was 
heard with great interest by a large 
gathering of members. Mr. Handley 
Page made it his primary business to 
deal with the development in air 
transport that had taken place since 
civil aviation between England and 
the Continent First started in August, 
1919, and in dealing with the results 
achieved. His views are well worthy 
of summary, as they cover the 


character of the loads, the routes 
o}x.*rated, *lhe results of operation, 
tlfc costs of the service, and probable 
future developments. 

As to the character of the loads, 
this is essentially a case where pass- 
engers, parcels, mails and urgent 
articles of freight, each having a 
relatively high transport value, are 
to be encouraged, and to induce more 
to pass by air, it is fundamentally 
necessary to improve the ground 
organisation so that the total transit 
time is able to improve as much as 
possible upon that than by any other 
means. The delay involved in Cus- 
toms clearance is a difficulty in this 
connection. 

The routes at present operated by 
British companies are Tondon-Paris, 
Ivondon-Brussels-Cologne, and Man- 
chester-Tondon-Amsterdam, while the 
French, having, as would naturally be 
supposed, more services, work the 
following main air lines : 



Aerial photograph taken between 
Buxton and Matlock, Derbyshire 
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• • South. 

Toulouse-Barcelona, through Spain 
to Casablanca, by the BateAere Co. 

North and South. 

Paris-Brussels- Amsterdam, by the* 
Compagnie des Mess age ries Aeriennes. 
^ London - Paris - Marseilles, by the 
Compagnie des Messageries Aeriennes. 

• Paris- 1, ansa nne, by the Compagnie 
des Grand Kxpress Aeriens. 

1‘vAST. 

Paris - Strassburg - Prague - War* 
saw, by the Compagnie Franco-Rou- 
maine de Navigation AeriAne. 

Paris - Strassburg - Prague - Buda- 
pest - Constantinople, by the Com- 
pagnie Franco- Roumaine de Naviga- 
tion Aerienne. 

With regard to the cost of air 
services, Mr. Handley ^Page wisely 
observed that while air transport, 
to be successful, must not be too 
expensive, a higher price can be ob- 
tained owing to its high speed of 
transit. When the service is small, 
the largest portion of the cost is the 
overhead and general establishment 
charges, which cannot be reduced 
below a certain amount. The capital 
of an air transport company is mostly 
invested in machines, engines, and 
spare parts necessary for the efficient 
conduct, of the service, and it is 
essential, if the unit expense is to be 
:ut down, that the equipment used 
should be the maximum amount poss- 
ble. It is obvious that aircraft 


should be kept dying continuously 
in the service, with no time on the 
ground beyond that necessary for 
inspection adjustment, or overhaul. 
There are, however, limits upon such 
a system of operation, owing to night 
flying being as yet impossible com- 
mercially. As the services expand, 
so, however, will the overhead charge 
per passenger t>r lb. freight decrease, 
and great improvement is to be ex- t 
pected upon these lines. 

Dealing with probable future de- 
velopments, Mr. Handley Page stated 
that if, as is really necessary, civil 
aviation is to run on its own feet, 
without subsidy, the first necessity 
is the expansion of services so as to 
reduce overhead charges per pass- 
enger or per lb. of freight. There is 
also ample scope for improvement in 
the machines. To-day the average 
covered aircraft carries between 15 
and 17 lb. for every horse-power in- 
stalled, and of this, at the outside, 

4 to 5 lb. per horse-power is the 
paying load. The cruising speed 
varies between No and 100 miles per 
hour. It should not be impossible 
within the next few years to increase 
the total carrying capacity for the 
same top speed to, say, 25 lb. per 
horse-power, and obtain a useful load 
of 10 lb. per horse-power. If this 
were done, the cost per ton-mile 
would lx? reduced to 1/0 for the full 
load. In conclusion, Mr. Handley 
Page stated that the necessary basis 


for commercial air operations had 
been thoroughly tried out ip these few 
experimental y^ars, and it/>nly needed 
the necessary support to be forth- 
coming for the extensions of the 
routes to be opened, and the great 
Imperial air roAte to the Hast to be 
started. 

A Commercial Route 
,to India 

In this possible development India 
is particularly interested, and it is 
worthy of record that in the iinal 
Report, of the Civil Aviation Advisory 
Board onMmperial Airmail .Services, 
recently published by the Air Ministry, 
the proposed Imperial air route to 
India receives considerable atten- 
tion. It is not very long ago since 
Major-General Sir William Brancker, 
Director of Civil Aviation, stated 
that Imperial value of air transport 
was going to be enormous, and that 
when night-flying developed, they 
would be able to arrange commu- 
nications by air with India in 72 
hours. 

With regard to the air mail for 
India, the report to which I have 
referred points out that there are 
three main routes which an air mail 
service might follow on its journey. 
The three routes are, respectively, 
via Kgypt, via Constantinople, or via 
Alexandretta. The "first would make 
use of the R.A.F. route from Cairo 
to Bagdad, and is therefore considered 
capable of more immediate operation 
by a commercial undertaking. The 
second iVnite, however, gives the most 
rapid line of direct communication 
between Kurope and India, but it 
must be some tin\e before such a 
route can be regarded as a practical 
proposition. A route, 1,145 miles 
long, between Constantinople and 
Bagdad, is suggested. For the next 
link in the chain, Bagdad to Karachi, 
a route down the Persian Gulf via 
Bushire and Bunder Abbas,* is out- 
lined, 1,050 miles in length. From 
Karachi, on the adyice of the General 
Post Office, there should be a 550- 
mile feeder line to Bombay. 

It should also be noted that the 
Advisory Board recommended that 
a sum of £200,000, spread over three 
years, should be set aside for technical 
^investigation. Of this sum, £100,000 
‘should be devoted to preparing the 
Bagdad-Karachi stage, and £20,000 
for the route from Cairo to Bagdad. 
Tenders should be invited for weekly 
and daily services between Cairo and 
Bagdad, and Bagdad and Karachi. 
The company whose tender was 
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View showing the railway, an overbridge 
and adjacent property 


accepted should receive an annual 
payment for three or five years in 
consideration of the services rendered 
to the Empire, and a guarantee for 
five years of interest on the capital 
invested. 

The Possibilities of Aerial 
Photography 

Another important development 
possible now that air communication 
has established itself, is that* of sur- 
veying, or mapping, from the air. 
Already most magnificent work has 
been done, and in remote lands, 
where the ground is imperfect and 
surface communications are deficient, 
aerial photography must be of ex- 
treme value. “ Preliminary survey 
of the routes for new railways and 
roads, or for the approaches to possible 
harbours, and prospecting of all kinds, 
provide plain opportunities/’ says a 
recent lead$r in Ttye Times , and from 
the information I was able to obtain 
on a recent visit to the works of a 
leading aircraft company, I unhesi- 
tatingly agree. 

Value of Photographs 

It is unnecessary to enter intft de- 
tailed particulars of the methods em»‘ 
ployed, but the accompanying illus- 
trations will show how clearly the 
aerial camera is able to distinguish 
and record everything that could be 
desired by the most fastidious. The 
general possibilities are too obvious 


to require any elaboration, but it may 
be said that for any class of surveying 
work, in connection with establish- 
ment extensions, or as indicated above 
for the ready reproduction of pictures 
which are better than plans, and also 
for a novel and valuable form of ad- 
vertising, aerial photographs are of 
extreme value. A special process is 
used, as would be supposed, but the 
result is to give an undivided picture, 
if such be required, of the area sur- 
veyed, and one that gives “ life ” to 
a subject that in diagram or plan 
would lx* “ dead ” to the average 
man. 

Other Developments 

A final word. Just as aeroplanes 
during the Great War were used to 
drop death-dealing substances, so for 
the purposes of peace they may be 
utilised to drop substances that make 
for death — and life. Quite recently, 
in America, they have been used to 
fight the Boll-weevil, one of the deadly 
enemies of the cotton-grower. Aero- 
planes flying low distributed poison- 
dust over from 250 to 1,000 acres per 
hour at an incredibly small cost, and 
the result was found to justify their 
employment. In this, and in many 
other ways, the new form of com- 
munication has justified itself, and, 
as improvements are made, organisa- 
tions are strengthened, and the public 
are educated to the advantages of air 
communications, both for passengers 


and certain classes of freight, £o will 
the air industry develop, and bring 
about its Vpooh- making contribution 
to a fuller degree ot maturity. 


INDUSTRIAL SCIENCE 

{Continued from page 522.) 

time to the study of the subject. It 
is said that at the church at Pisa one 
of the mc|&t important incidents of 
h^s life occurred. No doubt tired 
with the service, he proceeded to 
amuse himself by watching the swing 
of a lamp suspended by a long rope 
from the dome of the church. He 
found by comparing its pulsations 
with the rat# of his own pulse, that 
there was a law associated with the 
length of the rope. He must have 
encouraged the swing of that lamp 
somewhat, for he found that whether 
the swing was small or large within 
the limits he tested it, that there was 
no variation of pulsation. 

No doubt hundreds, perhaps thous- 
ands, of people liad seen that lamp 
slowly moving from side to .side, but 
it remained to Galileo, with his ability 
to reason out such things methodically 
and scientifically, to recognise in the 
simple fact a fundamental discovery 
concerned in the principle of the 
pendulum -nature’s most perfect in- 
strument. 

He afterwards proved that the 
prevailing opinion was wrong which 
taught that a heavy weight fell 
through space quicker than a light 
one. 

It must be evident, therefore, that 
if India is to become a leading in- 
dustrial nation, her people must also 
take an advanced place in the de- 
velopment and research into the 
details of her various productions 
and natural resources. They must 
adequately take hold of these things 
which, by her geographical position 
and their knowledge of the peculiar 
native requirements, places her in a 
more favoured position to supply not 
only for themselves, but also to 
nations less favoured in producing 
them. 

There is no limit to the potentiali- 
ties of the minds who scientifically 
grasp the present-day facts of in- 
dustrial India, and who seek to ad- 
vance the lives and occupations ofi" 
the people, and to develop more ad- 
vantageously the infinite wealth of 
the country. # 
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Indian Railjvay Developmerits 

* < 

In this article l he author summarises 

some of the more important factors 
relating to I mini's railway development 


I N the anniul statistical number 
of the Railway Age, ^here is an 
instructive article which out- 
lines in brief some of the railway 
f : developments i« India during 

• the year 1022. Many of these have 
; been remarked upon in previous issues 
of Industrial India, and it need 
' therefore only be said ihat while it 
is of extreme interest to know that 
many varied schemes are on foot for 
improving the transport position, the 
real need is for their speedy realisation. 

That the Indian railways are man- 
aged and operated under circum- 
stances of considerable difficulty, is a 
fact admitted by all having any 
knowledge of the conditions. Due 
allowance must, therefore, be made 
for this in commenting upon, or 
criticising, their methods, bike the 
railways of nearly every country in 
the world, the ( 'treat War exerciser! 
a retarding effect upon development, 
and it is only now, sonic four years 
after the conclusion of the so-called 
peace, that there is real opportunity 


for any extensive improvements. But 
such generalisations lead us nowhere 
in particular. Bet me then get right 
down to the subject, and say that in 
my opinion the four most important 
developments in India are : (1) the 
decisions made as a result of the con- 
sideration of the recommendations 
of the Acworth Committee, (2) the 
appointment of a Chief Railway Com- 
missioner, (3) the reorganisation of 
the operating departments on the 
Great Indian Peninsula Railway, and 
(4) t he decision to continue the wagon 
pooling arrangements. In singling 
out these four aspects for special con- 
sideration, I am not unmindful of the 
many other important phases of de- 
velopment work that are proceeding, 
but from the nature of things it would 
be impracticable to deal adequately 
with the circumstances involving line 
and yard extensions, station enlarge- 
ments, and other improvements — and 
it might also be added that I have 
commented upon the most important 
in previous articles. 


The Acworth Committee's 
f Recommendations 

While vtmierous Commissions have 
in the past attempted t6 deaf with the 
Indian railway problem, it can, I 
think, hardly be denied that the com- 
mission of ten members presided over 
by Sir William Acworth, K.C.S.I., 
which investigated the conditions in 
India during 1921, has done most 
good. The report of that Committee 
was a formidable document, and one 
that was at the same time condemna- 
tory and appreciative. An enormous 
volume of evidence was taken, and 
from this the railway system of India 
was denounced as wholly inadequate 
to meet the industrial, commercial, 
and agricultural needs of the country. 
Many illustrations were given to in- 
dicate the appalling waste that oc- 
curred owing to the paucity of 
railway communications, and the 
report plainly stated that unless the 
problem was tackled at once, and on 
extremely broad lines, there was little 
or no probability of improvement in 
the future. 

One ?>f the great, obstacles to the 
effective development of railway 
transportation was the question of 
financing new woijks and improve- 
ments. As the railway budget was 
associated with the general budget 
of the country, difficulties of a national 
character involved a shortage of 
funds for railway purposes. Added 
to this was the t ridiculous system 
under which funds voted fof railway 
purposes lapsed under certain con- 
ditions. The Acworth ^Committee 
tried hard to untie this knot by 
recommending the entire separation 
of the railway budget from the 
general budget, and while this recom- 
mendation hah not been accepted, 
there can ’be little doubt that it was 
their* insistence upon the necessity 
‘for definite and regular allotments of 
railway funds that led to the raising 
of a large loan earmarked for railway 
purposes during the next five years. 

The importance to the railways of 
having this definite sum cannot be 
over-estimated. In the circumstances, 



First Electric Suburban Taain to leava Euaton 
after Electrification of London Suburban lines. 
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it will be of incalculable advantage, 
and as the companies are going ahead 
with the Spending of the fnoney on 
much-needtM new works, on new 
locomotives and wagons, and on the 
many other great needs, the Indian 
railway position is now well on the 
way to improvement. 


The Appointment of a Chief 
Railway Commissioner 

The appointment of Col. Hindlov, 
Chairman of the Calcutta Port Com- 
missioners, and a former Agent of th$ 
East Indian Railway, as Chief Rail- 
way Commissioner for India, marks 
another step in the upward progress 
of the railways. The old method of 
control, under which the Railway 
Board, comprising a President and 
two members, were responsible to the 
Viceroy through a Member of the 
Council who had general as well as 
railway duties, was thought by the 
Acworth Committee to lx totally 
unsuited to the needs of India, and 
they recommended not only that 
there should be a separate member 
of Council for communications, but 
that the future head -quarters estab- 
lishment of the Indian Railways 
should comprise a Chief Railway 
Commissioner and four assistant com- 
missioners, each with a defined area. 

The new Qiief Commissioner 
assumed office on November 1st, 
1922, and has the not altogether 
enviable task of reorganising the 
overhead railway supervision. Above 
all things he will have to pa^ special 
attention to the general transporta- 
tion arrangements. According to the 
report of the Acworth Committee, 
insufficient attention had lx*cn paid 
in many quarters to the possibility of 
effecting great, improvements by rela- 
tively small alterations, and it is con- 
sidered that the development of an 
organisation having greater experience 
in operating problems will prove of 
sound advantage. 

Many important points of policy 
have also to be settled as between the 
Government and the railway com- 
panies, and the new Chief Commis- 
sioner, after he has had time for 
detailed investigation* is expected 
to be called upon to advise the Gov- 
ernment upon these matters. Another 
point is that there has, apparently,, 
not been as close a form of co-ordina- 
tion at head-quarters as is considered 
desirable, and one of Colonel Hindley’s 
duties will be to instal a supervisory 
organisation working intensively and 
co-operating for the best results. 


Re-organisatlon of Operating 
Departments on the Great Indian 
Peninsula Railway 

It may at first sight appear some- 
what peculiar to place this reorganisa- 
tion among the four most important 
recent developments on the Indian 
Railways. But as one whose whole 
experience has been in railway work, 
and who has acquired a comprehen- 
sive insight into the activities of all 
departments, I am convinced that 
the best operating organisation for 
any great railway is the division of 
the work into the three sections : 
Transportation, Commercial, and Me- 


chanical. The reorganisation of the 
Great Indian Peninsula Railway was 
adopted after the authorities had 
considered a most valuable report 
compiled by Mr. 1). S. Burn, General 
Traffic Manager, who, in order to 
ascertain the best practice, investi- 
gated the conditions in England, in 
America, and on the Continent. His 
recommendations may be said to be 
a compromise between the best British 
and American practice, though it is 
significant to add that in England, 
the * tendency under the grouping^ 
arrangements is still more closely to 
follow the scheme adopted on the 
G.I.P. 
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In brief, tlfe change is this. Instead 
of a purely Traffic and purely Loco- 
motive department, the •Traffic is 
separated into Transportation and 
Commercial departments, awj the 
former takes over from the Locomo- 
tive department the control of loco- 
motive running. This is essentially 
sound practice. Th^ main duty of 
railway is to run trains and to 
carry as much traffic ns possible in 
the quickest possible way. Hence 
! the need for placing the whole of the* 
movement in the hands of one officer. 
Nowadays -the reorganisation scheme 
came into effect on November l*t, 
1022 -one department is concerned 
with getting the traffic and dealing 
* with questions involved therein ; 

another is solely engaged in moving 
V and handling the traffic, and the 
third finds its exelusive # duty in pro- 
viding the power as required. An 
■ additional advantage in the reorgan- 
isation was the enlargement of the 
area of control. Instead of the pre- 
viously existing (relatively small) dis- 
tricts, a divisional scheme was adopted 
—♦this having many points of merit 
from the administrative aspect. 

Wafton Pooling to be Continued 

The decision made last October at 
the Indian Railway Conference to 
continue the general wagon pool for 
another three years is an extremely 
; important development. It is known 
y v that some companies, notably the 
Bengal-Nagpur, were averse to a con- 


tinuance of the pool for the reason that 
their wagons were not receiving proper 
attention on other lines, and that 
they were being compelled to utilise 
wagons tlfat were not only unsuitable, 
but in many respects defective. This 
question of. wagon repairs is a diffi- 
cult one, and the responsible officers 
are busily engaged in trying ty 
evolve a mor# satisfactory scheme. 
Taken all in ill, however, it would 
have been little short of disastrous* 
if the pool had been terminated. Even 
the most convinced opponent of pool- 
ing will admit that the scheme of 
common-user enables a greater loaded 
wagon mobility to be obtained, and 
as this is the determining factor when 
there is an admitted shortage of rolling 
stock, as in India, that consideration 
alone justifies the pool. In connection 
with wagon stock, it may be added 
that the Indian Standard Wagon Com- 
mittee have recently tabled recom- 
mendations as to tlu* future wagon 
to be adopted for certain purposes, 
and if these are adopted, the difficulty 
of repair work should be minimised 
in due course. 


Other Developments 

There are many other points of 
interest to which reference might be 
made, but considerations of space 
prevent any elaboration. In con- 
nection with passenger traffic opera- 
tion, the extension of the train control 
system and the introduction of articu- 


lated carriages on the Great Indian 
Peninsula Railway is interesting, and 
I heard recently that quite a number 
of these carriages are to *be built for 
service on other Indian Railways. 
Of similar utility in connection with 
passenger traffic are the standard 
composite carriages recently intro- 
duced on the Bombay, Baroda,and 
Central India Railway. * One of these 
carriages was sent to the Locomotive 
and Carriage Superintendents' Con- 
ference at Lucknow last year, and 
very favourable remarks were passed 
^pon its appearance. 

Fin all preference may be made to 
the constant work going oil in con- 
nection with the strengthening of 
bridges, in ord£r that heavier trains 
may safely negotiate the sections 
affected. Mu?h work of this descrip- 
tion has been put in hand on the Hast 
Indian Railway, while as a corollary 
to the desire to work lengthy freight 
trains, experiments have recently 
been conducted on the G.I.P. and 
other lines in connection with the 
continuous brakes. In an early issue 
I propose to deal specially with this 
matter, which is one of great moment 
in considering the freight traffic prob- 
lem of the Indian Railways. 

In a short time the Administration 
Report for the year 1921-22 will be 
available, and I shall then hope, as in 
previous issues, tq contribute the 
usual article summarising the progress 
made during the year, and outlining 
developments and possibilities. 
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The Tractor as an Aid to Agriculture 

A briej description of the way in which the motor 
vehicle is utilised for agricultural purposes in the 
United Stales — and a pointer for developments in India . 


I T was remarked in London the 
other day that transport in all 
its forms had developed to a 
greater degree in the United 
States than in any other part 
of the world, and had, in fact, been 
the main factor in extending American 
trade and commerce. While one 
might join issue with the claim for 
superiority in this direction, it cannot 
~be defied that transport has been 
cultivated, and directly applied, to its 
many varied purposes on a wider 
basis than is general* in other lands. 


Marvellous strides have been made 
in connection with motor traffic in 
the streets of American cities, and 
almost equally great are the im- 
portant developments in the utilisa- 
tion of the motor vehicle for agricul- 
tural purposes. 

In India, where agriculture is, and 
must long remain, the principal sup- 
port of the nuiititude, and also in 
England, where, for one reason or 
another — but largely through ignor- 
ance — the tendency has been back- 
wards, the utilisation of labour-aiding 


/> 

and revenue-earning machines for 
agricultural purposes has not become 
really popular. Yet proof exists of 
the wonderful value of such machines, 
and it is really astounding in these 
times thatvold methods should be able 
to withstand the onward march of 
• progress. It is interesting to con- 
trast the conditions in two countries 
offering ^somewhat similar conditions. 
In the United States, where motor 
traction is employed on almost every 
little holding, a reversion to the farm 
horse or to oxen would be unthink- 
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Avery 12-20 H.P. Tractor ploughing with three 
furrow 14* mold board plough 

able. On the other hand, there has 
been a tendency in this direction in 
England. The reader will inevitably 
ask, “ Why ? ” And I reply by 
quoting a writer in a London contem- 
porary that power machinery did not 
get a fair chance, because, as he perti- 
nently puts it, “ farmers bought tract- 
ors and vehicles . . . without due 
consideration of tluf suitability of the 
work to the machines and of the 
machines to the work ; many who 
acquired three-tonners had not the 
work to justify the expense of such a 
large vehicle- -or, if they had the 
work at the time, there was no 
guarantee that it would be* per- 
manent.” 9 

Machinery for Agricultural Work 
in America 

They manage these things better 
in America. There the various com- 
panies engaged in thy manufacture of 
farm tractors specialise in the 41 right 
size tractor for the right size farm, 
and special instruction is imparted as 
to their use and construction. Every 
aspect of farming, it would appear, 
is considered and provided for by the 
astute maker of motor vehicles. Row 
crop cultivation and all ftinds of field 
and belt work are cate tod for. 
Threshers are buik in sizes, “ to ‘fit 
the needs of any individual farmer, 
or custom threshing,” es an American 
catalogue, now before me, tersely 
expresses it. Special attention is 
devoted tx> the production of tractor 
tillage tools to operate with a farm 
tractor. The Avery Company, of 


Peoria, Illinois - sonic of whose spec 
ialities are depicted in the accompany* 
mg illustrations is a case in point. 
They specialise in motor cultivators, 
tractor “ plows ” and grain threshers, 
and are one of the biggest concerns 
of the kind in America. What they 
do not know about tractor ploughs is 
certainly not worth bothering about. 

“Avery” Agricultural Machines 

The Averv track runner, which 
pulls three 14-inch ploughs, is the 
very last word, as the saying is, in 


vehicles of the kind. It figures among 
the accompanying illustrations. The 
overall widlli of the track runner is 
48 in. ; the overall length 9 ft. ; and 
height $8 in. The weight, without 
the forecarriage, is 4,500 lb., and 
Avitli the forecarriage, 5,000 lb. Its 
turning radius is substantially its 
own length— -a very important con- 
sideration. It rides smoothly over 
the rough ground, and can be used 
wij.h or without the front wheel, 
which can be detached in two minutes 
and attache^ in three. The motor 
has a bore ot 4 inches and a stroke of 
51 todies ; its cylinder walls are re- 
newable, and \\\ crankshaft is 2J 
inches in diameter. The fuel used is 
petrol, kerosene, distillate, or alcohol, 
but it must be mentioned that in the 
case of the last-named, special com- 
pression is required. The capacity 
of the main fuel tank is .*W) gallons. 
The track runner is specially pro- 
tected from dirt and dust, and is 
automatically lubricated . 

A special feature of the machine is 
that the whole of the wear falls on 
the parts that are cheaply replaced. 
As Mr. K. M. Voorhees, Manager of 
the Export Department, remarked : 
“ We find it a very great advantage 
to be able to put on the two front 
wheels, or leave them off, as desired.” 
In straddling ridges the wheels are an 
absolute necessity, and, for ploughing, 
the front axle is set over until the 
right-hand wheel drops into the 
furrow, thereby acting as a pilot 
guide. The track runner is equipped 
with a big, wide, comfortable seat, 
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tv«ry 12-20 H.p. Tractor 

has a self-starter, electric lights, 
and everything that could he desired 
in a machine for agricultural pur- 
poses. 

Messrs. Avery’s 12-20 h.p. tractor 
is another useful tractor, and in- 
variably develops more than its rated 
horse-power. It is a four-cylinder 
motor with 4£ in. bore ami 0 in. 
stroke. The tractor is very fully 
equipped with ball bearings, and all 
gears are enclosed and run in oil. 
It has all the regular Avery features, 
including the Avery “ draft horse ” 
motor and “direct drive ’’ spur gear 
transmission, together with many 
and improved features. 


Utility of the “Avery ” Machines 

The Avery Company have un- 
doubtedly done excellent work in de- 
veloping these machines, which should 
be of the greatest utility in India. 
It is claimed that these particu- 
lar machines can more than hold their 
own with any others of the kind 
manufactured in America and that 
is almost as good as saying “ manu- 
factured anywhere in the world." In 
this connection, Mr. Voorhees, to 
whom I have previously referred— 
and who really ought to know — has 
stated : “ In our judgment these two 
models may be the ultimate tractor 
for the average farmer. There have 
been^a great many small tractors sold. 
We have been building them ourselves, 
and for orchards, vineyards, and 
truck patches they* are all right, as 


there is not much invested in them 
and they can do quite a lot of work. 
But there is no comparison between 
ordinary tractors, and the two types 
described for a farmer who possesses 
a hundred acres or more. Me wants 
a machine that will handle three 
ploughs under hard circumstances, 
and be big enough to drive a good- 
size thresher or saw. . . . I v veil on 
large farms people ale finding that 
in many eases it is better to have a 


few medium-sized tractors, rather 
than one very large machine, for the 
reason That, when anything happens 
to the large tractor, everything stops, 
and it can only do one kind of^vork 
at one time, whereas with two or 
three medium-sized tractors various ' 
operations on the farm can be going 
on simultaneously." 

• 

Development Necesssary in India 

I have dealt with this question of 
utilising machine-power as an aid to 
agriculture, because I am convinced 
that there is real need for extensive 
development in this direction through- 
out India. In these times, manual or 
animal work js quite out of date, and , 
even where the holding 1 of one indi- 
vidual is insufficient to warrant the 
exclusive use of machinery, a little 
co-operation in the use of tractors 
and other agricultural appliances 
would tend to the common gain. Of 
course, the conditions in India are 
fundamentally different from those 
o{>erative in many other lands, but 
with the growth of Indian industries, 
the tendency will be for these con- 
ditions to be levelled up, and it will 
then be imperative to have recourse 
to machinery to aid manual labour. 
Be that as it may, there can be no 
possible shadow of doubt that more 
machinery than is now used should 
be introduced f<x“ agricultural pur- 
poses, and it is in the hope of stimu- 
lating this important development 
that I have written this article. 

' • 
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Coachbuilding 
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A briej description of a handsome and 
cotfimodious saloon built at the Ranch - 
rafara Works of the Eastern Bengal 
Railway for the use of Hi\ Excellency 
the Governor of Bengal. 


in India 




A NEW special saloon for the 
use of His Excellency the 
Governor of Bengal has 
L. recently been turned out 
of the Kanchrapara work- 
shops of the Eastern Bengal Railway, 
where it has been built to the designs 
and under the supervision of Mr. 
H. H. Spalding, Eocomotive and 
Carriage Superintendent. 

The saloon, which is built for use 
on the metre gauge, is depicted in 
the accompanying illustrations show- 
ing exterior and interior views. It is 
carried on two six-wheeled bogies, 
and is 57 feet in length over the 
mouldings. The length of the under- 
frame is 66 ft. 6 in. The main saloon 
is panelled with teifk, and the furni- 
ture is of padouk, polished mahogany, 
while the racks, curtain rails, etc., are 
of antique silver finish. A deep green 
carpet covers the floor. The exterior 
of the saloon is finished in *vhite 
enamel and lined in gold. 


Upholsftery 

Dark green morocco hide is the 
colour used in the upholstery of the 
coaches and chairs, while the curtains 
and lamp shades are of dark green 
silk, the whole scheme giving a restful 
and pleashig appearance. Electric 


Interior of Special Saloon 

lighting on the Stone system is em- 
ployed throughout the coach, and the 
electroliers and brackets are of an- 
tique silver finish to harmonise with 
the other fittings. The fans are so 
arranged that a constant stream of 


cool air circulates throughout the 
saloon. 

Altogether the saloon is an es- 
pecially pleasing example of Indian 
workmanship, as will be seen from 
our illustrations. 



Exterior of apodal Saloon 


One of the simplest methods of 
raising water from open wells is to 
hang an endless chain from a pulley 
into the water and rotate the pulley. 
The ascending part of the chain 
catches water as it rises and carries it 
to the top. The efficiency of this 
method depends very largely on the 
design of the chain, and a leading 
British firm recently brought out an 
improvement whereby the “ chain ” 
consists of a series of strips of alumin- 
ium alloy bent in t be form of triangu- 
lar cells and carried on a flexible belt. 




816 ^ 

| =N D U‘ S T R 1 A. L I N D' 1 A 


Sorrte Useful Motor Vehicles' 

9 • 

.1 brief illustrated description of five Leyland models 
that •have proved highly satisfactory in % service. 

All Illustrations are by court es\ 0 

of \lessr% Leyland Motors Ltd. 



2.1 Seater Char-a-banc with special 
Fleetwood Hood 


T HU RK arc few motor maifu- 
facturers in the world with 
so high a repufcition for the 
excellence and reliability of 
their products as the famous 
firm of Levlnnd Motbrs Limited, Ley- 
land, Lancashire, Kngland. Founded 
in the year 1895, this firm soon began 
to enter vehicles in competitive trials, 
and was successful in (Attaining several 
important awards. In the celebrated 
trials held by the Liverpool Self- 
Propelled Traffic Association, a Ley- 
land motor vehicle was awarded a 
first prize of £100, and in the Liver- 
pool trials of 1001, a gold medal the 
highest award fell to the Leyland 
Company. Other notable successes 
were those obtained in the first War 
Office Subsidised Vehicle Trials, held 
in November, 1012, when Leyland 
machines were the only vehicles 
awarded certificates of success. The 
proved utility of the vehicles will be 
manifest from the statement that 
during the Great War, over 0,000 
military motors a large proportion 
being the popular Leyland “ G ” type 
4-ton Subsidy Model, were supplied 
by this firm to the Government. 

It is worthy of notice that the name 
of the firm is taken from that of the 
small town, situated near Preston, 
Lancashire, where the orginal firm 
was established, and where the Ley- 
land Company’s property now exceeds 


1 00 acres. In addition, the Company 
has extensive works at Chorlev, a few 
miles from Leyland, these being de- 
voted primarily to the production of 
tire engines and steam wagons ; and 
also at Ham, in vSurrev, are works 
acquired in 1920 for the specific pur- 
pose of reconditioning thousands of 
Leyland vehicles repurchased from 
the War Office after serving their 
military purposes. 

The Leyland Company has depots 
and agents in all parts of the world, 
the administration of the Overseas 
Department being concentrated at 
the London Office in New Kent Road, 
from which place all information 
relative to their motor vehicles can 
be obtained. The latest catalogue, 
thoroughly descriptive of the various 
models, is a splendid production, and 
of considerable value, apart from the 


special reason for its publication. 
All interested in commercial motor 
transport development should obtain 
a copy. 

In this article we illustrate, by the 
courtesy of the Leyland Company, one 
type of single deck omnibus, a 5-ton 
standard lorry, a 500 gallon lire 
engine, and a char-a-banc. Of course, 
the Company tpilds many other 
classes of commercial vehicles, and 
apart from the models illustrated, 
they manufacture a wide variety of 
general vehicles for municipal and 
other forms of transport work. 

ThS single-deck omnibus and the 
large char-a-banc touring car are 
typical and popular types of vehicles 
for their special, class of work. In 
both cases their use is rapidly being 
developed, in the first case as an 
essential link in the transport of 



Fleet at Bums . for Spain, 40 Seater*, 40-40 II.P Engine* 





517 

I ~N 0 U S T R 1 A. L IMP I ~"S 



5 ton I^orry, 40-48 H.P. Engine 


many districts inadequately served 
by railway, ^ind in the sewyid for 
lioliday and tjip work. % The single- 
deck omnibus is designated the 44 A5 " 
modd. The chassis is fitted with a 
30-32 h.p. engine with worm driven 
rear axle, the wheel-base being 11 ft. 

9 in, Dunlop super-resilient tyres are 
fitted, and the vehicle is built to carry 
eighteen passengers. It is painted 
maroon and cream, or as otherwise 
ordered, and the vehicle illustrated is 
one of several now working success- 
fully in the Potteries district of 
England. It might incidentally be 
added that in Edinburgh, win*** they 
are slowly con voting a slow and un- 
reliable cable tramway service into 
*an electrically-operated* service, a 
large number of Leyland vehicles have 
been introduced to cover the trans- 
port needs during the period of con- 
version, and that they will subse- 
quently be used to extend the area 
of the district served by trams and 
omnibuses from the centre of the city. 
The illustration, showing single-deck 
omnibuses, depicts part of an order 
carried out by the Leyland Company 
for work in Cordoba. 

The large touring car, with a seat- 
ing capacity of twenty-three, is of a 
type growing increasingly in favour. 
Designated model “Cl,” the chassis 
has a 30 h.p. engine, worm-driven 
back axle, and foyr-speed and re- 
verse gear box. It will be noted that 
the illustration shows the operation 
of fixing a patent hood over the car. 
It has been a matter of difficulty to 
find a suitable covering, and one that 
could swiftly be introduced whefi cir- 
cumstances necessitated this. 'Ley- 
land Motors Ltd. have, however, 
successfully overcome the difficulty, 
and have devised a hood which can 
quickly be raised or lower as desired. 

Turning to commercial goods ve- 
hicles, the “ P2 ” 5 -ton standard 
lorry illustrated is one that has been 
adopted on a wide scale. It has a 
40-50 h.p* engine and gear-driven 
back axle. It is supplied complete 
with separate? drive ris compartment, 
and is fitted with acetylene head- 
lights. The platform is 14 ft. fi in. 
long and 7 ft. wide, and, as will be 
seen, is of a type generally used in 
heavy transport work, l'he^ vehicle 
shown is in the service of a large 
Manchester brewery firm, which essen- 
tially requires extreme reliability in 
service, and, it may ^ be added, as 
illustrating the popularity ofr this 
type of vehicle, that many important 
firms have standardised their fleets 
of motor lorries on this basis. 

The final illustration shows a useful 


type of motor fire engine which the 
Leyland Company has supplied to 
many municipalities. It is a 500 
gallon fire engine, and has a 40-48 h.p. 
engine, fitted complete with Rees Ro - 
turbo pump. As will be noted, the 
vehicle is of a handy, compact type, 
and it is understood that it has been 
found very useful at Dolgelley, Wales. 

It would, of course, be possible to 
to go on almost indefinitely, in de- 
scription and illustration, to show the 


utility of the products of a famous 
firm. While, therefore, it is probable 
that the four types of vehicles illus- 
trated will give a broad general idea 
of the Leyland vehicles, all inter- 
ested shouid obtain the latest cata- 
logue, which gives full particulars of 
many new models, and contains in- 
formation relative to the enormous 
utilisation of Leyland vehicles in 
Great Britain, and, indeed, in all the 
countries of the world. 
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The “ Exide Ironclad ” Battery for Electric 
• Road Vehicles. 


A MONO users of commercial 
vehicles there still exists 
I a prejudice against the 

Ji JL electrically - propelled ve- 
hicle, despite the fact that 
this particular form of transport is 
everywhere winning golden opinions. 
Especially in connection with muni- 
cipal work, for the purpose of large 
railway companies and important 
distributing houses, ^he electric ve- 
hicle is undoubtedly yielding valuable 
service, and the fallacy that it is un- 


admitted that in spite of the sim- 
plicity of control and other advan- 
tages, it had not made the progress 
expected. Factors bearing on this are 
the high first cost of electric vehicles,* 
the difficulties of charging, etc. 

Much depends on the battery and 
the charging facilities. In this con- 
nection an enormous advance has un- 
doubtedly been made in the develop- 
ment of the “ Exide Ironclad ” the 
“ battery which saved electric traction 
from extinction " as the slogan lias 


horse-drawn vehicles were entirely 
superseded by electrically-propelled 
lorries, each lorry is fitted with a 
battery of 44 “ Exide Ironclad " 
accumulators, having a capacity of 
258 atfl^ere-hours at,, a discharge rate 
of 50 amperes. The charging of the 
batteries is -done during the night,, 
six plugs being fixed in the goods 
warehouse nnd two in the garage. 

As is generally known, the “ Exide 
Ironclad ” is a perfected form of the 
I 'a ure accumulator, consisting of posi- 


Tlpplng Wagon fitted with “ Kxlde Ironclad " Batteries 



reliable should by this time finally 
have been exploded. 

The early failures of the electric 
vehicle are, of course, responsible for 
the lingering belief that it is no good 
except for journeys of the briefest 
duration, yet the electric road ve- 
hicle has proved itself particularly 
convenient for internal town* trans- 
port This latter point was stressed 
by Mr. R. J. Mitchell at a recent 
meeting of the Institution of Elec- 
trical Engineers, {hough he frankly 


it. The makers of the “ Exide Iron- 
clad," the Chloride Electrical Storage 
Company I y imited, of Manchester and 
London, are pardonably proud of the 
fact that “ there are more British- 
made electric vehicles fitted with this 
battery than are fitted with all othet 
makes of battery put together." It 
is certainly \fell in evidence every- 
where, and leading corporations and 
railway companies favour it. In the 
Hunslet goods station of the London 
and North-Eastern Railway, where 


tive and negative plates immersed in 
an acid electrolyte. In older forms, 
and in “ Exide " batteries made for 
other purjfbses, the positive and 
negativ* plates both consist of lead 
grids to which an«“ active material " 
has been applied in the form of paste. 
The “ Exide Isonclad," however, em- 
bodies several radical departures from 
this type of battery. The accompany- 
ing illustration shows a useful tipping 
vehicle engaged in municipal work, 
fitted with “Exide Ironclad" batteries. 
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New Petrol Electric Road Crane 

Illustrations by courtesy of Messrs . Het&y J. Coles, Lid 



W E illustrate* in this article 
a somewhat novel self- 
coAtained portable crane 
which has recently been 
put on the market by 
Messrs. Henry J. Coles I v td., of Derby. 

This new design has been evolved 
for handling loads up to two tons in 
an out-of-the-way place where ordin- 
ary cranes are not available, but where 
it is possible to drive a motor lorry. 
•There would therefore appear to be a 
very profitable field open for this type 
of crane, particularly in a «ountry like 
India, where large structural work 
is taking place, a\yay from the ordin- 
ary facilities of a populated district. 

This new crane is designed primar- 
ily for operating when the lorry itself 
is stationary, and not for transporting 
the load, by movement of the lorry 
on its own wheels. When it is re- 
quired to transport a heavy load any 
distance, the load may be deposited 
on a trailer, and thence eonveyd by 
the crane lorry to the spot required. 

The design of the vehicle for heavy 
lifting is such that a solid connection 
can be made between the frame and 
the back axles, so «fs to keep a firm 
base for the crane to operate, and this 
explains the reason for the limitation 
in not being able to transport a very 
heavy load as a self-contained vehicle. 


Crane In travelling position 

The crane itself, however, is capable 
of swinging in a complete circle. 

The chassis of this vehicle is the 
standard heavy 4-ton Tilling-Stevens 
petrol electric type, which is, of 
course, well-known. 

When the engine of the lorry is 
operating the crane, it. is found that 


it is only necessary to run the engine 
at half-speed, so a governing arrange- 
ment is fitted for this purpose, and 
the same apparatus acts automatic- 
ally when the crane is at work. 

The design of the crane itself is of 
Messrs. Coles' standard single-motor 
type, and is capable of lifting 2 tons 
at a radius of 10 feet and at a speed 
of 20 feet per minute ; that is to say, 
on a two part purchase, but when a 
single rope is used, half-load can, of 
course, be raised at double speed. 
The hook is capable of rising some 
8 feet from the ground, and, as stated 
above, the crane can be rotated in a 
complete circle. 

All of the crane movements are 
carried out by means of a 4 h.p. 
series-wound motor, by the General 
Elect '•'2 Company, supplied with cur- 
rent at 110 volts from the dynamo 
of the chassis of the vehicle. The 
motor is fitted with the usual type 
of drum controller, and a special 
switch is fitted which automatically 
trips the main cut-out should the 
main jib exceed its limits of move- 
ment. 

Another interesting point regard- 
ing this unit is the fact that it can be 
controlled by one man, which ^ in 
addition to * being a self-contained 
portable apparatus, makes it one 
which is very economical to operate. 



Crane in operation 





Witton-Kramer Electric Truck. Crane 


In every works and warehouse there 
are always instances arising of load* 
which have to he lifted and trans- 
ported from positions that cannot lx* 
reached by any of the ordinary hoist- 
ing appliances. The steam or electric 
yard crane is generally limited in jts 
radius of operation by the tracks on 
which it travels, and these usually 
serve only main artenes, whereas 
overhead cranes and runways® are 
usually confined to ±he shops. 

The electric truclc has solved the 
difficulty of power transport between 
remote points, and a further develop- 
ment is the electric # truck crane 
built not as an accessory to the truck, 
but designed throughout as an electric 
travelling crane. With a machine of 
this description, loads, wherever they 
may be, can be picked up and de- 
posited, and the crane can be moved 
rapidly to any spot where a sudden 
necessity arises for a load to be 
handled quickly. 

The “ Witton-Kramer ” crane illus- 
trated is of the two-motor type, one 
motor being used for propelling the 
crane, the other to operate the hoist- 
ing, slewing and derricking motions 
clutches being utilised to transfer the 
drive to the desired motion. 

The crane is capable of lifting a 
load of one ton at a radius of 10 feet, 
and at a speed of 20 feet per minute. 
It slews at 3 r.p.m., and travels at 
4 miles per hour. The arrangement 
is such that all motions, including 





Crane at work 


The General Electric Co. Ltd 


travelling, can he operated from the fitted to all motions. The battery is 
driver's platform with the jib directly built finto the truck, and is of suffi- 

in the line of travel. dent capacity to supply the crane for 

Electric or mechanical brakes are six hours without recharging. 


r 


Steam Storage Battery Locomotive Supplied to the. City 
of Leicester Central Generating Station , 

This note refers to the locomotive illustration in 
our February issue, where we describe the new 
Leicester Generating Station. 

By courtesy of the English Electric Co. Ltd. # 

• 

Tins locomotive is provided for shunt- sure measured by Kent meter, rqr ders are 15 in. diameter by 18 in. 
ing purposes. It is capable of hauling duced to UK) lb. pressure and lead stroke, and the locomotive is carried 
165 tons on a gradient of l in 40 at to a charging column situated outside on four 3 ft. •wheels coupled. The 
160 lb. steam pressure. It hascio fire- the boiler hoffie entrance. With one wheel base is 5 ft. 6 in., and the 
box* tubes, smoke-box, or funnel, and charge of steam the locomotive is gauge is the standard 4 ft. 8J in. 
is fed with live steam at a charging capable of full work for approxi- The locomotive is fitted with a 
station. The steam is lead from niately five hours. The recharge powerful hand brake to act on the 
“ Babcock " boilers at 200 lb. pres- takes about ten minutes. The cylin- four wheels. 
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THIS SECTION DE£LS WITH THE APPLICATION OP SC{BNCE TO INDUSTRY AND PARTICULARLY 

DEALS WITH APPLIED CHEMISTRY 

» . . 


Industrial 


Science 


I T would be extremely difficult 
to find an industry which would 
not be the better for a reasoned 
analysis of its fundamental 
working for the development 
of that particular section of science 
which lies at the basis of its operations, 
and there ought to be a periodical 
overhauling of the grounds of its pro- 
cedures if industrial developments 
are to be kept up-to-date, and 
production brought into greater prom- 
inence. 

There are those who go still further 
and maintain that science has a func- 
tion much beyond that which culmin- 
ates in some particular industry. If 
we only approached the consideration 
of scientific subjects from the point 
of view of an effort to advance one 
particular aspect or one important 
phase of some industry, many secrets 
would go undiscovered. 

From this point of view pure 
science must render considerable ser- 
vice to the improvement df many 
phases of our national, as well as our 
industrial life. It can readily be 
conceded that when it is pursued 
from the desire to obtain knowledge 
for its own sake, then we arrive at 
the highest condition of scientific 
research,, for in the obtaining of 
knowledge the application of it fol- 
lows as a natural consequence. No 
one can foresee the effect of a new 
aspect of an old discovery, or the 
development of a new discovery in 
science. 

Nations are like individuals. Their 
first concern is the daily struggle for 
existence. Everything must give place 
to that one desire to be fed, to be 
clothed, and to avoid, the discomforts 
of climate in the seclusion of borne. 

There are various standards of 
what constitutes a satisfactory solu- 
tion of these problems. Some may 
be content with a brute-like grovel- 


ling in mean surroundings, with no 
desire to raise themselves above that 
level, but if material comforts are 
to be added to the desire to be fed 
and to be clothed, then it must come 
through the development of the mind 
and the desire for comfort and 
cleanliness. 

This can only be obtained by the 
mind Incoming so developed that it 
seeks out for some avenue by which 
that comfort, ease, and satisfaction 
is to be obtained, and early man 
thought that he could secure these 
advantages by predatory expeditions 
and pillage. But he soon found that 
a system of attack and possession did 
not lead to the comfort he sought ; 
his mind reasoned out the conse- 
quences of these short-cuts to what 
he desired, and in that development 
he soon discovered that he must 
defend himself against reprisals and 
losses. Thus ultimately lie was 
little, if any, better off than if he 
had depended upon his own efforts 
or upon the co-operative efforts of 
his fellows to obtain better conditions 
of existence. 

Right through the ages, it has 
always been the same. His environ- 
ments have forced him to think and 
to act in a way which will foster his 
commercial and industrial activity, 
and which will produce such things 
as will add to the comfort of himself 
and his fellows with safeguards for 
the use and enjoyment of the things 
produced. He has found out by 
experience and the exercise of his 
mental faculties that the material 
comforts, when obtained, can only 
> be maintained and enjoyed when 
they are obtained worthily, and when 
they give opportunities for settled 
comfort not only for himself, but also 
for those of his fellows. 

The knowledge, aqd its application 
to the processes of his private and 


communal life, has been attained bv 
his mental development his logical i 
reasoning in the domain of science. 
He has found but that it is a duty to 
work, for, in doing so, he not only 
benefits himself, but he adds to the 
common stock of advancement in 
production, he also finds that he has 
an independence which, along with 
his fellows, gives him the right to live. 
Not only for the continuance of his 
bodily existence, but he has also 
assisted to the betterment of his 
mental and bodily health. 

He finds, in effect, that the duties 
involved in this work engender the 
right to live worthily and the leisure 
to think rationally. 

This leisure and thought, if well 
directed, ought to lead us to study 
nature, for with all the present-day 
science, it has not exhausted the dis- 
coveries hidden in the complexities 
of the natural forces which surround 
us. There is little doubt but that we 
are gradually becoming more ac- 
quainted with its conditions, and we 
no longer arrive at results by instinct 
or chance, but by judgment formed 
from reason. 

There are forces in nature, mystical, 
physical and chemical, which are so 
far beyond us, that, with all our 
progress, may be likened to children 
playing with dangerous things of which 
we know little. We are like children 
playing around a strange circular 
object thrown up on the sea shore. 
The coastguard may be able to tell 
us it is a mine broken away from its 
moorings — washed up as an after* 
math of war. Before he can reach 
it, one of our companions tampers 
with a “ whisker/' and at once there 
occur? an explosion, and the annihila- 
tion of all within its vicinity. If 
science had come along before the 
misdirected force, of the innocent but 
ignorant child had been used, no 
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harnt wouKl have been done : the 
engine of destruction could have been 
made innocuous. The nfSstake was 
not in the mine, but in our lack of 
science and knowledge of its ganger. 

In the history of tins world we are 
often discovering evidences of a by- 
gone height of civilisation, proofs that 
knowledge existed, in certain respects 
far beyond some of our present attain- 
ments. It may not have been in the 
same channels of research, for it is 
obvious they could not have expanddll 
on exactly the same rotation or se- 
quence of development, bin. there have 
undoubtedly lx*en periods of advaifce- 
raent, and then blanks, periods in 
wjhich nothing is known, and then 
gradually a laborious climb up again 
into what we call civilisation. 

What had happened 4o cause these 
silent, unknown jx.riods ? Was it the 
forces of nature let loose over tin- 
entire surface of the globe? some great 
cataclysm of lire or cold, poison or 
flood ? or was it some unlucky amalga- 
mation of the forces surrounding us 
maybe in the air we breathe, or in the 
constitution of the earth upon which 
we walk ? It is possible that some 
child of science had touched the special 
amalgamation which was the “ whis- 
ker ” on the explosive shell of this 
world's laboratory of infinite possi- 
bilities, and, as a result, most of, or 
perhaps the entire globe was affected, 
and the civilisation of centuries dis- 
appeared, and, later, primitive man 
commenced again to develop, as if 
prior epochs never existed. I v et any- 
one take stock of his entire habitation, 
md mentally calculate how much of 
what he owns-- -the everyday articles 
)f furniture, i>ersonal treasures, pic- 
tures, hardware, silver, etc. will be 
available for later centuries or genera- 
tions to build up a history of our lives, 
our advancement, our loves, scientific 
attainments, luxuries, method of liv- 
ing, our work, and our aspirations 
generally. Probably nothing would 
be available to produce a connected 
narrative of our times. Our loco- 
motives, ships, mechanical appliances 
and instruments may entirely dis- 
appear through the ravages of age 
without leaving a trace to show' their 
use or that they ever existed. 

This ought not to be looked at in a 
pessimistic, disheartening maimer, but 
rather from the point of view that the 
greater the benefit, the greater must 
be the forces dealt with, and, jyhen 
* wron^iy handled, the most dangerous, 
since the most dangerous elements are 
those most potent, for maximum 
efficient results. 


The main point is knowledge, the 
organisation of*common sense, which 
in its further developments means 
science, that which teaches the way 
how to# treat, manage, manipulate, 
and know the idiosyncrasies of the 
# subject touted, whether arrived at 
by way of applied science, or by* 
pure science. # 

When subjects are approached by 
methods of pure science, discoveries 
may be expected which will direct 
new side issues or tracks of thought, 
and possibly may lead to the whole 
mental outlook of the community 
being entirely changed. 

'fhe effect on a community can 
only be the effect of the summation 
of individual thought, and a com- 
munal thought inevitably leads to 
national thought. 

It will Ik- found that pure know- 
ledge forms the greatest hold upon 
the individual rather than the story 
of its application. It may be that 
the romance of first principles is held 
to lx.- more attractive than the re- 
sulting mechanics to develop it ; yet 
it must not be forgotten that the 
conclusions of science can only rest 
reliably on evidence of experience, no 
matter who may be the clever author- 
ity who may introduce the scientific 
original, and however attractive to 
the popular mind the aspect of pure 
original science may appear. 

Science, like all other branches of 
knowledge, has certain fixed con- 
clusions which may be termed dogmas 
based upon present knowledge, but 
in the nature of the case, when new 
knowledge is obtainable and recog- 
nised, then the fixed conclusions of 
the past must give place to newer 
knowledge, and fresh evidence may 
qualify the previous conclusions, and 
so alter the dogma of the previous 
position. If science has been based 
on true foundations, any new aspect 
will not destroy entirely the old 
interpretations, but it may shake 
them somewhat. If the old deter- 
minations have not overstepped what 
was the legitimate conclusion to be 
accepted from the evidence obtain- 
able, then all subsequent knowledge 
will only clear away extraneous use- 
less trimmings, and the main structure 
will not be weakened or destroyed. 

Fundamental truth, truly accepted • 
and conclusively proved by science, 
should always be •ffbove any sus- 
picion of its being possible of being 
ultimately destroyed. Subsequent 
progress, in what might be considered 
a revolution of scientific discoveries, 


should only proceed in a constitu- 
tional manner. m 

On passing jdxmt the .world in his 
daily vocation, or apart from his 
fellows, one will have frequently ttfeeri 
impressed with the necessity of being 
well acquainted with many phases of 
general scientific knowledge. 

He sees the blue sky above* him, 
and if he has the true scientific spirit, 
he will ask iiimself, why is it blue ? 
And lie will not rest content until he 
has learnt that secret. He sees the 
ebb and llow of the tides, but how 
Van he reconcile the slowness of their 
movement with the Jaet .that the 
effect of the tides occur right round 
the world practically every twelve 
hours. He sees the barometer fall 
when bad weather or wind is ap- 
proaching. Is it due to the atmos- 
phere being light oj; heavy ? How 
is it possible for twelve people to 
receive twelve distinct telegraphic 
messages through one wire ; and, con- 
cerning the mysteries of wireless tele- 
phony, how can two people receive 
distinct conversation from a hundred 
miles apart through the same ether 
medium, and yet those messages are 
not destroyed, but remain distinct 
and independent of each other ? 

A man is occupied in building a 
locomotive, of steam-driven principle, 
and lie wants to know how it comes 
to travel seventy miles an hour. If 
liis study is to be of any value, he 
must not only direct his quest into 
the practical details of its mechanism, 
but lie must be led up through certain 
elementary experiments wlijcli may 
appear to have no direct relationship 
with his present thirst for knowledge ; 
the principle of JLutent heat, com- 
bustion, calorific values, pressure, 
expansion, and several other depart- 
ments of drudgery. If these are 
neglected, he will not be in a position 
to look at the working of his engine 
scientifically, although he may be 
able to work it mechanically after 
others have prepared the instrument 
from their more .advanced scientific 
knowledge. 

The man who neglects this training 
and research may be an excellent 
labourer, or cycn an efficient automa- 
ton, but pever a scientific leader. 

Galileo did not at first know that 
he was gifted in his capacity to under- 
stand mathematics, he only became 
interested in it after leaving school by 
listening to a lecture on the subject. 
That lecture gave him such an im- 
petus, that he devoted much leisure, j 

(Coni in ued on page .509.) . , 
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BETWEEN OURSELVES 


iThe New Gahokia Station 
at St. Louis 

Some further details are now avail- 
able of the new Cahokia Electricity 
Station which is to be built by the 
Union Electric Light and Power 
Company of St. Louis on the south 
bank of the Mississippi. This station 
will be ultimately 240,000 KAV. 
capacity, and the construction has 
already been commenced of the first 
section of GO, 000 K.W., the station 
being built in four independent sec- 
tions. The general design provides 
for 0.65 square feet of ground space 
and approximately 56 cubic feet of 
building space for each K.W. capacity, 
and the site is well provided with 
both rail and water facilities for coal 
and ash. 

After the most elaborate investiga- 
tions lasting over two years, it has 
been decided to fire the boilers ex- 
clusively withlhe “ Lopulco " system 
of powdered fuel, following on the 
satisfactory experience of the Lake- 
side boiler plant at Milwaukee, and 
the River Rouge plant of the Ford 
Company at Detroit, especially since 
low grade Illinois coal has to be used. 

* Fdr this first 60,000 K.W. section 
the pulverising plant will consist of 
8 mills ^working 16 hours a day, and 
pulverising enough coal in this time 
for 24 hours, the whole equipment 
being installed in a separate building 
next to the boiler house, individual 
mills having a capacity of 5-6 tons 
per hour. The drying of the coal 
before pulveitsing will be earned out 
in the up-to-date type of small drfers 
which are a feature of the “ Lopulco " 
system, using the exit chimney gases 
for drying purposes, whilst a con- 
siderable proportion of the trans- 
portation of the pulverised fuel will 
be by means of compressed air. It 


is expected that the nett working 
efficiency of the plant will certainly 
be over 85 per cent., and will prob- 
ably be 87 i per cent., equal to that 
of the Lakeside plant. 

The 60,000 K.W. section now being 
erected includes 8 water-tube boilers 
of the cross-drum type, 18,010 square 
feet heating surface, designed for 
350 lb. pressure, corresponding to 
300 lb. at the turbine stop valve, 
and with superheat temperature of 
690 deg. F., each boiler being fitted 
with 10 “ Lopulco " burners at the 
top of the furnace. The engineers 
designing the plant are of the opinion 
that what is termed in America 
" moderate size ' units are the best, 
that is boilers of 18,000 square feet 
heating surface, at only 350 lb. pres- 
sure and at a temperature not 'exceed- 
ing 700 deg. F., together also with 
turbine units of 30,000 K.W. The 
furnaces are fitted with the most 
modern design of “ Lopulco ” water 
screen, to prevent slagging of the ash 
and corrosion of the brickwork, and 
sluicing methods will be adopted for 
handling the ash. The furnaces are 
of very large volume and capacity, so 
as to bum low grade coal at the 
highest efficiency. Economisers are 
not being installed, but provision is 
left for them, and also for induced 
draught, which, however, will prob- 
ably not be necessary, and the object 
is to make the completed station one 
of the most efficient in the world. 


Pulverised Coal Firing 
in Great Britain 

The subject of pulverised coal 
firing in Great Britain was dealt with 
by Mr. J. S. Atkinson, of Messrs. The 
Powdered Fuel Plant Co. Ltd., of 


London, §it a recent meeting of the 
Bradford Engineering Society. Mr. 
Atkinson gave the interesting opinion 
that British coal has a much higher 
average moisture content than Ameri- 
can coal, and that the driers in Great 
Britain would therefore have to be of 
larger dimensions. Considerable pro- 
gress, however, is being made in the 
invention of small and compact driers 
which use the heat in the flue gases, 
representing a great improvement 
both in convenience and economy, as 
compared with the ordinary large 
cylindrical drier heated by means of 
a separate coal fire. 

The paper was, however, largely 
concerned with the “ Unit " system 
of pulverised coal firing, in which the 
lecturer is more particularly inter- 
ested, and it is stated that in Great 
Britain and on the Continent over 
300 “ Unit " pulverisers arc now at 
work on ail kinds of furnaces, although 
certainly very little progress has been 
made with steam generation. 

As is well-known, the “ Unit ” 
system consists essentially of separate 
small j’ulverisers j n front of each 
furnace, and the unit is composed of 
automatic coal feed, three or four 
pulverising compartments, and mech- 
anically-driven fan, air being intro- 
duced through the feed inlet of the 
machine with a further supply of 
secondary air which can be pre 
heated if necessary. Such a 11 Unit " 
pulveriser will take lumps of coal up 
to 1 in. in diameter, and no drying 
is required as long as the percentage 
of moisture is not over, say, 12 per 
cent., which, of course, means, in 
practice, that nearly every quality 
of coal can be used direct. • The per- 
centage of moisture, however, affects 
the horse-power, but a typical figure 
for a “ Unif?" pulveriser, with coal 
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containing 8 per cent, moisture, is 
about 30 hjp. ^ith one ton of coal 
per hour. The degree of fineness of 
the grinding of the coal is afso not 
excessive, and the general severe 
figures in this connection hitherto 
used do not seem to be necessary. 

Mr. Atkinson attaches great im- 
portance to the proper size of the 
combustion chamber, and the in- 
stallation of what is practically bal- 
anced draught, so as to maintain only 
a very slight suction in the chamber 
and avoid anything in the nature of a 
blow-pipe action with the flame. The 
efficiency of the combustion^s very 
high, averaging 16-17 per cent CO*, 
and the chief difficulty, in fact, is to 
prevent the melting of tne brickwork 
due to the high temperature with this 
efficient combustion. A lot of the 
trouble with the brickwork is caused, 
however, by incorrect desfgn of the 
combustion chamber, too high ve- 
locity of the flames, and inferior fire- 
bricks, but Mr. Atkinson does not 
mention the recent invention of the 
water screen in America, which pre- 
vents “ slagging " of the ash. 

Some interesting details were given 
of the only large “ Central ” installa- 
tion of powdered coal firing in Great 
Britain, namely, that at the Hammer- 
smith Electricity Station. This in- 
stallation is on the “ Holbeck " prin- 
ciple, also supplied by Messrs. The 
Powdered Fuel Plant Co. Ltd., and 
has now been in operation for two 
years, having an output of 5 tons 
of pulverised coal per hour, and 
supplying one large “ Stirling " boiler 
with an evaporation of 40, 000 lb. of 
water per hour, and the plant is at 
present being duplicated. 

AAA 

The Low Temperature Car- 
bonisation of Lignites 

The question of low temperature 
carbonisation of lignite (brown coal) 
was dealt with specially by Professor 
\V. A. Bone in his third and last 
lecture before the Society of Arts, on 
Lignites, and the gist of his remarks 
was that from a commercial point of 
view he did not recommend the low 
temperature carbonisation of lignites 
because our knowledge in this par- 
ticular field was nothing like so ad- 
vanced as in the case of ordinary coal. 
From a theoretical point of view, 
average lignite, with its large moisture 
and oxygen content, certainly doqs 
n<3t seem to offer the same possibilities 
as average quality coal. Professor 
Bone is of the opinion, however, that 


it may eventually be a commercial 
proposition to pytially carbonise 
lignites in order to increase and 
stabilise the quality of the fuel, 
especially in the way of removing 
moisture, wfiilst at the same time 
utilising any oils, ammonia, and gas 
th« 4 t may be obtained in the process. 

We understand that a small ex- 
perimental carbonising plant has been 
erected at South Kensington, and in- 
teresting results fiave been obtained 
by carbonising ^various qualities of 
fignites at standard temperature of 
705 deg. F., 930 deg. F., 1,290 deg. F., 
and 1,470 deg. F. Thus a Morwell 
•lignite from the extensive deposits 
in Australia, now being developed 
chiefly as a fuel for steam generation, 
gave at 1,290 deg. F. 8.3 per cent, by 
weight of oil and tar, 9.1 per cent, of 
ammonia liquor, and 26.6 per cent, 
of gas, with 53.3 per cent, residue. 
Over 1,290 deg. F. the oil yield de- 
creased heavily, due to “ cracking." 

One result of these experiments is, 
however, that if lignites are carbon- 
ised at comparatively high tempera- 
tures, say 1,560 deg. F., the whole of 
the objectionable oxygen content is 
got rid of, and a good residual fuel 
obtained, whilst it is interesting to 
note that the oils from lignite seem 
to contain a large proportion of hydro- 
benzenes. As regards the residual 
fuel, the most likely method of 
utilisation seems to be briquetting 
with 5 per cent, pitch, giving a 
valuable smokeless and free-lighting 
fuel, since there is still present, for 
example, about 15 per cent, of 
volatile matter if the carbonisation 
is carried out at 1,020 deg. F., the 
ordinary temperature for the low 
temperature carbonisation of coal, 
which gives a product of 10-12 per 
cent, volatile matter, with average 
25-35 per cent, volatile coal. 

AAA 

The Burning of Cast Iron 

Messrs. The International Com- 
bustion Engineering Corporation Ltd., 
from their new works at Derby, are 
just about to issue a most interesting 
brochure on the subject of the burning 
of cast iron, particularly as it affects 
firebars, whether for hand or mechani- 
cal firing. As the result of a number 
of years’ detailed research work in 
their laboratories, they have been 
able to determine the chief cause of 
the trouble, and consequently to 
devise a new metal, “ Usco " alloy, 
a special variety of cast iron with a 
much longer life. As is well known 


the life of a firebar is very erratic, and 
may be anything from a few weeks 
to over a year. The destructive 
action of the furnj^ce consists of two 
distinct reactions, melting the iron, 
and burning it, that is slow com- • 
bustion with oxygen to give various 
oxides. In practice, however, about 
9(3 per cent, of the trouble is caused 
by burning. # • 

A comparatively pure cast iron has 
a # melting point of about 2,010 deg. F., 
but ordinary foundry iron contains, 
amongst other impurities, phosphorus 
and sulphur, which at the high tem- 
perature form phosphides and sul- 
phides of irofi melting at 1,740 d§g. F. 
In practice, therefore, an ordinary 
cast-iron bar, as $0011 as it reaches 
1,740 deg. F., becomes brittle, and 
then the molten phosphides melt out, 
leaving a porous expanded mass of 
pure cast iron . This latter commences 
to oxidise rapidly at about 1,830 deg. 
F., although the reaction at a lower 
temperature, such as 1,470 deg. F., 
is very slight, and only about one- 
tenth as great. Consequently, when 
the firebars reach a temperature of 
1,830 deg. F., the oxidation is much 
more rapid, because of the porous 
nature of the residual iron, the carbon 
in the iron being burnt first, so that 
the top layer of the bar is converted 
first into a purer cast iron, then steel, 
nearly pure iron, and finally iron 
oxide. Graphitic carbon and silicon 
also add to the difficulties of ordinary 
cast iron. There has hitherto been 
no practical method of overcoming 
these troubles. If the surface of the 
bars is chilled, this is soon lost at the 
high .furnace temperature, a hard 
iron using a high percentage of scrap 
increases the impurities and tends to 
cause cracking, whilst* a soft metal 
means an increase of graphitic carbon. 
Most special alloys hitherto produced 
have been found to present serious 
practical difficulties in the way of 
great expense, difficulty of pouring 
and of contraction, brittleness, clack- 
ing or other similar troubles. 

The new “ Usco " metal evolved 
as a result of this research is stated 
to have overcome these difficulties, 
to have a life from three to ten times 
as long as cast iron, with a 
higher melting point and tensile 
strength, whilst it is a thoroughly 
practicable foundry mixture which 
poprs without difficulty*and.does not 
crack, so that any type of casting can 
be undertaken. THfe cost is reason- 
able, approximately 50 per cent, more 
than ordinary cast iron, although, of 
couise, there would appear to be no 
comparison in the nett value. 
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THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OP MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCB8 


The Manufacture of Armour-clad 

Switchgear 

A brief survey of the facilities provided at the Hebbum- 
on-Tyne Works of Messrs. A. Reyrolle & Co. Ltd . 


T HE developments pending 
in all parts of the world in 
connection with railway 
electrification, and the ever- 
increasing extension of elec- 
tric power supply to meet industrial 
and local requirements, naturally call 
for special equipments. The most 
important link between the gener- 
ating station and the transmission 
cables, and between the sub-station 
and the netwdtk, is the controlling 
switchgear, and it is to the provision 
of this essential requirement that the 
firm of A. Reyrolle & Co. Ltd. 
has devoted its energies. 

It was at one time believed that 
switchgear construction was a simple 
matter, involving merely the bolting 
to an enamelled iron framework of 
a few oil switched and their accessories. 
In fact, doubts were expressed as to 
the existence of any real engineering 
work in switchgear production. The 
works and products of Messrs. Rey- 
rolle are sufficient proof of the fallacy 
of this idea. Reyrolle armour-clad 
gear complete in the assembly shops 
or erected in central or sub-stations 
shows a phase o! British engineering 
at its best. It completes the work of 
the turbo generator builder and of 
the constructor of large power trans- 
formers. In other weeds, it raises the 
switchgear to the same high level of 
durability and efficiency. 

Development ef the Reyrolle 
Works • 

Messrs. A. Reyrolle & Company 
Limited have always specialised in 
switchgear productions, and since 


1905 have had their establishment 
located on Tyneside. The factory has 
grown from modest beginnings to the 
present establishment, which com- 
prises 3J acres of workshops and 
administrative offices, on a site 5J 
acres in extent. Recent extensions 
to the works have been necessitated 
by the growing volume of business, 
and it is interesting to note that this 
undertaking is probably the only one 
in England exclusively devoting its 
energies to the manufacture of a 
distinctive design of armour-clad 
switchgear for E.H.T., II. T. and E-T. 
circuits. 

Design 

The Reyrolle gear was originally 
designed on the basis of safety for 
the operator, reliability of service, 
absence of fire risk, and economy of 
space occupied. That this was a 
justifiable ideal has been proved in 
the course of twenty years' ex- 
perience, and the busy character of 
the works to-day testifies to the 
wide appreciation of the firm’s pro- 
ducts. The Reyrolle Company essent- 
ially treat the manufacture of their 
switchgear as an engineering proposi- 
tion, and are convinced that it is in 
the best interests that it should 
be manufactured in well-lighted and 
spacious shops. This Company claims 
— and with justice — that it has taken 
central station control gear into the 
realm of heavy engineering, its legiti- 
mate place in the electrical industry. 
And the success of their efforts is the 
reward of courage in producing 
armour-clad control gear differing 


markedly from designs regarded as 
orthodox. 

Space Occupied , 

One of the great advantages of the 
gear is that by its use considerable 
economy of space is secured. In 
many of the older power stations and 
sub-stations, the brick cubicle type 
of switchgear occupied a considerable 
amount of space, but the introduction 
of Reyrolle armour-clad gear has 
effected great improvement in this 
direction. The control gear of this 
type for a super-power-station can be 
installed in such a manner as to give 
ready and safe access to each section 
and to place the whole of the appara- 
tus within sight. With this type of 
gear there is also increased reliability, 
and this has been found to justify a 
higher capital outlay than would be 
necessitated in connection with the 
older designs. 

The Shops 

Altogether, the Reyrolle works at 
Hebburn-on-Tyne afford employment 
to 1,100 persons, these producing an 
average of 140,000 K.W. of armour- 
clad switchgear every week. One of 
the accompanying illustrations shows 
an erecting shop, while others show 
the test room cubicle and typical 
products. The main building, which 
is at floor level, is 200 feet long and 
200 feet wide, and is divided into five 
bays each 40 feet in width and served 
by # overhead cranes of from p to 15* 
tons lifting capacity. To facilitate 
movements a standard gauge railway 
track runs thftmgh the centre and 
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side sections. At the north-west side 
of the area occupied by the works 
there is a two-storey building 240 
feet long and 40 feet wide. The upper 
storey of this building is used as the 
insulating and transformer depart- 
ment, and also for the manufacture 
of large quantities of plugs and 
sockets up to 30 amps, capacity and 
for other small repetition work. The 
ground floor is devoted to the fitting 
and assembly of mining type switch- 
gear. 

Building Extensions 

In the recent extensions the space 
between this building and the main 
shops has been roofed over to make 
an additional shop 242 feet long and 
25 feet wide, to be used as a separate 
department for the erection of control 
boards. A further one-storey building 
120 feet long and 40 feet wide is 
utilised as a pattern makers' and 
joiners' shop, while a few smaller 
shops— the original works — of about 
30,000 square feet in area, are now 
used partly as a stores and partly for 
light machine tool work. The offices 
cover an area of 7,000 square feet, 
the drawing office alone taking up 
5,800 square feet. 

The electric power is supplied to 
the works by a high tension feeder at 
6,600* volts from a 3-phase system of 
the Newcastle Electric Supply Com- 
pany. This feeder i$ brought through 
Reyrolle outdoor type sealing bells 


into a 270 K.W. transformer of the 
outdoor type, situated in the open 
yard. The total load connected in 
lighting, power and heating is 2,900 
units, part of which power is utilised 
in an electrically-equipped kitchen 
from which meals are prepared daily 
for the staff employed in the offices 
and works. 


Important Contracts 

The reaj success of arqiour-clad 
gear obviously f depends # upon the 
quality of the insulation of the con- 
ductors forming the busbars and inter- 
connections throughout the various 
panels, and whiletevery possible atten- 
*tion is paid to the individual insula- 
> tion of these conductors, it is necessary 
to test them at several times the 
# working pressure. In this respect 
the works equipment is singularly 
complete. The testing section occu- 
pies a space of 120 feet long by 40 feet 
wide, and the various portions of gear 
can here 4je tested separately under 
working conditions with complete 
freedom from risk to the testing 
operator. Arrangements have also 
been completed for the installation 
of a new testing laboratory which will 
furnish pressures up to 450 ,000 'volts, 
which equipment, it* is suggested, 
should inspire confidence in the over- 
seas buyer, who is somewhat accus- 
tomed to regard such test pressures 
as the monopoly of American en- 
gineers. 

Messrs. Reyrolle & Company have 
been entrusted with a large number of 
important switchgear contracts for 
electricity undertakings in all parts 
of the world. The maximum pressure 
for which they have applied their 
“ Common Sense " pattern of armour- 
clad gear is 33,000 volts. They have 
recently completed a series of orders 
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applying equally to the colliery and 
mining ^pedestal types for low or 
medium tensions, and to armour-clad 
draw-out panels for high or extra 
high tension. Thus, one of the great 
advantages of this system is its 
elasticity, and it is that, combined 
witli its many other qualities of re- 
liability, safety and economy, that 
has made the Reyrolle system fadl- 
out throughout the world. 


Sportsmanship is an element very 
strongly cultivated in many British 
circles, and to-day it is even finding 
a definite expression among en- 
gineers. P* British society of engin- 
eers concerned in automobile design 
have arranged a series of meetings 
to be devoted entirely to the free and 
easy discussion of various motor car 
parts and accessories. 


for Glasgow Corporation, Newcastle 
Electric Supply Extensions, the Vic- 
torian Railways, Cape Town Sub- 
stations, Shanghai Municipality, Shef- 
field Corporation Extensions, and 
others, the total capacity represented 
being 3,031,006 K.W., and effecting 
a saving of 598,300 cubic feet in build- 
ing capacity, and of £64,786. Addi- 
tionally, the Company has at present 
in hand large orders including 36 
panels for the Birmingham Corpora- 
tion, 33 panels for the Manchester 
Corporation Sub-stations, 13 panels 
for the Leeds Corporation, 13 panels 
for the Yorkshire Electri# Power 
Company, 24 panels for the South 
African Railways, and 22 panels for 
the Charing Cross Conversion and 
Extension, the total capacity repre- 
sented being 1,384,000 K.W., effect- 
ing a*saving of ^16,800 cubic feet in 
building capacity, and £52,120 in 
building^osts. m 


switchgear is becoming a common 
feature of power supply systems. This 
is where the Reyrolle equipment has 
an advantage. With that system 
complete boards may be built up 
and added to from time to time on 
the unit principle, an arrangement 


During recent years there has 
been a marked growth in the number 
of large engineering and industrial 
combinations in Great Britain with 
a view to enabling the largest con- 
tracts to be readily undertaken — 
and, upon occasions, financed. 
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Advantages in Country 
Districts 

There can be no # doubt that the 
extension of power schemes in many 
directions, and particularly intb coun- 
try districts, has been hastened t?y 
the greatly simplified design of sub- 
station possible with the use of 
armour-clad gear. The armouring of 
the gear, cables and transformers 
renders the use of outdoor sub- 
stations absolutely safe. All-weather 
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Electric Detector for Recording the Maddening 

. Temperature of Steel * 

The following artick has been Compiled from data supplied* by the Automatit 
& Electric Furnaces Ltd., London, and describes the process and principles 
) in using the Wild-Bar field automatic electric furnaces f and records some • 

highly instructive information reg&ding the non-magnetic condition of steel 
and temperature. We are also indebted to the above firm for the loan of blocks. 


S TEEE is at the base of modern 
manufacturing indiiltry. From 
motor cars to sewing needle#, 
from crankshafts to watch 
pivots, practidflly every man- 
ufactured article is in some way 
associated with steel, which either 
enters directly into its composition, 
or is employed in the Multitudinous 
machines and processes through which 
it passes to become a finished product. 

It is needless, therefore, to say that 
the use and treatment of his steel is 
of vital importance to every manu- 
facturer. His appreciation of tliis 
fact is shown by the interest he dis- 
plays in the developments of steel 
manufacture, and the care with which 
the grades of steel most suitable to 
his particular products are selected. 

The hardening of the steel is the 
vital operation. On the unseen grain 
structure inside the steel depends its 
useful future. Correct hardening is 
imperative if the steel is to do its 
work properly. Scientifically speak- 
ing, hardening is a very complex 
process— like the freezing of water — 
but, like the freezing of water, it 
obeys a simple physical law. This 
law is that if steel be heated and 
magnetised, it loses its magnetism 
when its molecular condition is right 
for quenching. Only if the heating is 
stopped at tliis point, and the steel 
quenched at once, can the very fine 
grain be secured which is essential 
to the highest ultimate strength, stiff- 
ness, hardness, resistance to wear and 
cutting power. This law applies to 
all carbon steels, as well as to the 
majority of alloy steels in commercial 
use to-day. 

A knowledge of the magnetic change 
is therefore essential if the operator is 
to know the exact time at which to 
quench the steel. 

This is provided by means of the 
Wild-Barfield patent magnetic de- 
tector, which is based on three well- 
known physical phenomena : — 

(a) Y/hen steel is surrounded oy a 
coil of wire through which an 
electric current is flowing, it 
becomes magnetised. 


(b) If the magnetised steel be 

heated, it becomes, after a 
period, non-magnetic. 

(c) The non-magnetic point for all 

carbon and most commercial 
alloy steels coincides with the 
point known to metallurgists 
as the AC 2 point, and is the 
true, correct and only harden- 
ing point. 

The detector is operated by means 
of an outer winding superimposed on 
the heating coil of the Wild-Barfield 
electric furnace, this outer winding 
being connected up to an indicator 
designed to give a visual signal to the 
operator of the furnace. 

The following description of the 
theory and practice of steel heating, 
supplied by Messrs. Automatic & 
Electric Furnaces L,td., gives a clear 
insight into tliis rather involved sub- 
ject : — 

When an eutectoid steel (a steel 
containing 0.9 per cent, of carbon) is 
heated, it undergoes two main trans- 
formations. The first transformation 
takes place at a temperature of about 
730 deg. C., and is commonly known 
as the ACi change. In the process 
heat units are absorbed or become 
latent, and this is shown by the 
phenomenon called decalescence, the 
rate at which the temperature rises 
becoming suddenly reduced or even 
negative for a short period. The 
second transformation, known as the 
AC 2 change, takes place at a tem- 
perature of about 760 deg. C. It is 
accompanied by a complete loss of 
magnetic susceptibility, the permea- 
bility fading to unity. Metallurgists 
are not completely agreed as to the 
true meaning of these changes, but it 
is generally believed that the first 
transformation is due to the carbon 
going into solid solution, and that the 
second transformation is due * to a 
change taking place in the molecular 
state of the ir opt These transforma- 
tions do not take place suddenly, but 
are both spread over a range of tem- 
perature, and take time to complete, 
so that the actual temperature at- 
tained during the processes depends 


upon the rate at which heat is being 
f treed into the steel. 

•• 

. Text Book Metallurgy 

The writers of, text-books are rather 
too fond of drawing pretty diagrams 
in which thes$ two factors are dis- 
regarded. If a piece of eutectoid steel 
is heated to such a degree that the 
first transformation is just completed 
and is then quenched, it will be found 
to be very tough, but only partially 
hardened. If the steel is heated a 
little further, till it has just completed 
the second transformation, and is then 
quenched, it will be found to be very 
hard, and will possess the highest 
ultimate strength that it is possible 
to obtain by any heat treatment. If 
the temperature is still further raised, 
and especially if the steel is allowed 
to soak at an excessive temperature 
for any great length ef time, it will be 
found after being quenched to be still 
just as hard, but mechanically weak 
and very brittle. 

The Uses of Electro-Magnetic 
Heating 

The opening for electro-magnetic 
heating thus becomes apparent. So 
far on!^ eutectoid sfeel has been con- 
sidered . If the steel contains less than 
0.9 per cent, of carbon, the excess of 
iron exists in the annealed state as 
free ferrite. Absorption of the ferrite 
commences as soon # as the first trans- 
formation commences, and » com- 
pleted before the second transforma- 
tion is finished, provided* that the 
carbon content is not lower than 0.4 
per cent. When the carbon content 
is less than 0.4 per cent., further 
heating is required to complete the 
absorption of tie ferrite. Commercial 
iron requites heating to as high a 
temperature as 900 qfeg* C. as a rule 
"to complete the change. Thus, for 
steel containing less than about 0.4 
per cent* of carbon, there does not 
appear to be much opening for electro- 
magnetic heating. 

In a steel containing more than 0.9 
per cent, of carbon (hyper-eutectoid) 
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the excels of carbon exists in the form 
of cementite or iron carbide. It is 
this cementite which gives •tools of 
high carbon steel their excellent 
cutting properties. Hyper-eutectoid 
steels should be heated to just beyond 
the second transformation. If they 
are heated much beyond this point, 
the cementite is absorbed and they 
lose their cutting property, besides 
becoming very brittle. 

The Behaviour of Eutectoid # 
Steel 

Fig. 1 shows what occur? when a 

g ece of eutectoid steel is heated. Th# 
wer curve shows the inverse heating 
rate— that is- t tiiitnber of seconds 
taken by the steel to rise 1 deg. in 
temperature. It will be seen that the 
rate of heating begins to Jail off at a 
temperature of 727 deg. C., becomes 
very slow at about 740 deg. C., and 
returns to normal at 755 deg. C. This 
is the ACi transformation. The upper 
curve shows the magnetic suscepti- 
bility of the steel. The scale is quite 
arbitrary, being merely the number of 
scale divisions on the ordinary indi- 
cator belonging to the furnace. At 
745 deg. C. the steel begins to lose its 
magnetic susceptibility, but not till 
790 deg. C. is reached is the change 
complete. At this point the steel 
should be removed and quenched. 
The same specimen of steel was found 
to complete its change at a tempera- 
ture of 705 deg. C. when heated very 
much more slowly. This interde- 
pendence between rate of heating and 
temperature attained gives the electro- 
magnetic system of working a tre- 
mendous advantage over all other 
methods in use. When the steel has 
just lost its last trace of magnetism 
it is just ripe for quenching. If it is 


removed too soon or too late from the 
furnace only harm can result. 

Some people assert that after the 
steel has become non-magnetic it re- 
quires some further heating or it will 
not properly harden. This is a com- 
plete fallacy. These people have not 
been provided with means of testing 
the magnetic state of the steel with 
sufficient precision. 

It will be seen from the curve that 
the last 10 per cent, of magnetism re- 
quires for its removal a range of 20 deg. 
in temperature and four minutes in 
time. Most magnetic detectors are too 
insensitive to detect the last few per 
cent, of magnetic susceptibility. Fig. 
2 shows diagrammatically the Wild- 
Barlield system of electro-magnetic 
heating for alternating-current work- 
ing, where F is the heating winding 
wound on the furnace liner. L) is the 
detector coil wound outside the fur- 
nace casing (F and I) in conjuncti on 


form a quadrature traifsformer), and 
P is the primary and S is the second- 
ary winding of the compensator. This 
constitutes another quadrature trans- 
former. The compensator is furnished 
with an iron core which is used to 
adjust the voltage induced in the 
secondary coil, so that it balances 
against the voltage induced in the 
detector coil. MC is the moving coil 
of the indicator. It is mounted be- 
tween the poles of an electro-magnet, 
the energising coil of which is con- 
nected as a shunt across the mains. 

• 

An Example of Electric 
Control 

To take a concrete example, let us 
consider the case of a No. 4 radiation 
furnace. This has a heating chamber 
4 in. in diameter and 13 in. deep. 
First let us neglect the influence of 
the ohmic resistance of the indicator 
magnet coil, eddy currents and hyster- 
esis. At 50 periods and with no steel 
in the furnace, there will be an E.M.F. 
of 2 volts induced in the detector 
winding of the furnace. This will be 
in exact quadrature with the current 
in the primary of the compensator. 
These two E.M.F.'s are, therefore, 
in phase or in direct opposition 
according to the way in which 
they are connected. The connections 
are made and the core of the com- 
pensator adjusted so that they neutral- 
ise each other exactly, and no current 
passes through the moving coil of the 
indicator. 

Now let us place in the furnace a 
piece of steel, 8 fn. long and 0.5 in. 
in diameter. Obviously the mutual 
inductance between the heating and 
detector coils is increased. The 
E.M.F. induced in the detector coil is 
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now increased to 3 volts. The com- 
pensator still only delivery 2 volts, so 
that 1 vo|J is available to pass current 
round the whole secondary circuit. 
This current, if self-induction can be 
neglected, will be in quadrature with 
the main current taken by the furnace, 
and, therefore, also in quadrature 
with the supply voltage. The flux • 
passing between the poles of the 
magnet in the indicating instrument^ 
will also be in quadrature with the* 
supply voltage, so that the flux from 
the magnet and the current in the 
moving coil will be in phase, anti if 
there is little controlling force the 
moving coir will turn from its neutral 
position through an angle of nearly 
90 degs. • 

When the steel Jias been suffi- 
ciently heated to undergo its second 
transformatiqp, it will become non- 
magnetic, the voltage induced in the 
detector winding will fall back to 
2 volts, and the original balance will 
be restored. The operator has simply 
to watch the indicator, and never need 
know anything at all about tempera- 
ture or rate of heating. With the 
indicator sent out with this size of 
furnace, a movement of the pointer 
of 0.5 in. is produced by an out-of- 
balance E.M.F. of 0.01 volt, so that 
it is apparent that the indicator is 
amply sensitive enough for detecting 
the last disappearance of magnetic 
susceptibility, provided that the fur- 
nace is used on not too small a load of 
steel. 

The Workshop Furnace 

In a furnace designed to meet the 
hard wear of workshop conditions the 
phasing cannot J>e carried out so per- 
fectly as under ideal conditions, but 
nevertheless success has been attained. 
The workshop furnace is enclosed in 
a case of sheet aluminium, and is pro- 
vided with a top and base of cast iron. 
We thus have to take into account 
both hysteresis and eddy currents. 
The compensator core also introduces 
both ediy current and hysteresis 
phase displacements. In addition to 
this the magnet coil of the indicator 
has ohmic resistance, so that the 
magnetic flux does not lag behind the 
supply voltage by as # much as 90 deg. 
Fig. 3 shows the effect of*these phase 
disturbances in the form of a Vector 
diagram. OA represents the phase 
of the supply voltage and the current 
through the furnace winding.- OB 
is the flux between the poles of the 
indicator magnet. OC is the E.M.F. 
induced in the compensator secondary, 
and OD is the E.M.F. induced in the 


detector coil when, there is no steel moving coil, the control is awakened 
in the furnace. These two E.M.F. 's and the # sensitiveness of the instru- 
are not quite equal, and they give nient is actually increased consider* 
rise to a resultant E.M.F., CD, which ably. A damping force is produced 

is, however, in exact quadrature with whqn the moving coil is started 

the magnet flux, so that although swinging just as in a moving coil 
there is current flowing* through the galvanometer with closed circuit, so 
moving coil, it causes no deflection of the indicator can be constructed to 

the coil, as it is in quadrature with have a quick period of swing and to 

the magnetic field in which it is placed, be practically aperiodic. • 

When a piece of steel is placed in For continuous-current circuits the 
the furnace the E.M.F, induced in the alternating indicator is replaced by a 
detector coil is increased from OD to • low resistance galvanometer. The 
OE, the resultant E.M.F. becomes compensator is still retained. 

CE , and this can be resolved into two If no\*^a piece of steel is introduced 
components EF in quadrature with <nto the furnace a ballistic throw will 
the flux and FC in phase with the be momentarily obtained. As soon as 
magnetic field, so that a deflection of the steel begins to lose its magnetism, 
the moving coil is produced. The and lasting until all the magnetism 
introduction of steel into the furnace has gone, a continuous current will 
not only increases the current in the be obtaincc^ in the secondary circuit, 
moving coil, but it also materially and the galvanometer spot will travel 
alters its phase angle. Under certain slowly up the scale and back again, 
circumstances it might even reduce the position at any moment depend- 
the actual current and operate by ing upon the rale at which the mag- 
shifting the phase angle almost en- netism in the steel is decaying. As 
tirely. soon as all movement of the galvan- 

ometer spot ceases, 
the steel should be 
removed from the 
furnace and quench- 
ed. When the com- 
pensator is correctly 
adjusted the ordin- 
ary fluctuations of 
the supply voltage 
. do not produce any 
kicks on the galvan- 
ometer spot. This is 
because every fluc- 
tuation, whilst pro- 
ducing an impulse 
in the detector coil, 
also pibduces an 
equal impulse in the 
opposite direction 
in the compensator. 
So long as eddy current and This method of working is quite 
hysteresis disturbances do not ex- satisfactory so long as the heating 
ceed the amounts shown in the rate is fairly rapid. Sometimes, how- 
diagram, their only harmful effect is ever, there are reasons when it is par- 
to reduce slightly the effective sensi- ticularly required that the steel should 
tiveness of the indicator. be heated very slowly. When this is 

The normal position for the moving the case the galvanometer movement 
coil of the indicator is with its axis at is often so small as not to be easily 
right-angles to the direction of the perceived. In such cases the pro- 
field in which it moves. As soon as cedure is either to draw the steel to 
it is displaced from this position an the mouth of the furnace at intervals, 
E.M.F. is induced in it by the field, noting whether this produces any 
This, gives rise to a current flowing movement of the spot, or else to 
right round the whole secondary switch off the furnace current for a 
circuit. This current reacts with the * moment at intervals, for if the corn- 
magnetic field to form a very strong pensator has been adjusted to balance 
controlling force, so that it is quite thg furnace exactly with no steel in 
possible to work an indicator without the furnace, it will not so* balance 
any other control. If a resistance exactly after steel has been introduced 
equal to about the whole of the until the steely has attained the non- 
secondary circuit is added to the magnetic condition. 
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frtiE “LAMPLOUGH” PROCESS) 

* 
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T HE “ Lamplough ** process • Thus a large amount of secondary whilst the temperature is even and 
is designed chyfly for the decomposition is stated to be caused uniform at all points because of the 
maximum oil production by by the gaseous and volatile com- internal heating. , The amount of 
the low temperature carbon- pounds from low temperature carbon- external heating used is very small, 
isation of coal, and consists isation processes in general coming and there is littl^ danger of reaction 
essentially in heating tlu^ roughly- into momentary contact with the sides in this direction owing to the circu- 
pulverised coal by means of super- of the hot retort and various other lating steam equalising the tempera- 
leated steam at a definite and con- parts of the equipment which are at ture throughout the apparatus. 

Tolled temperature, so that this a higher temperature than the de- Combined with this the “ Lamp- 

leating steam passes through the composition zone. Mr. Lamplough lough ” process includes roughly pul- 
ffiarge inside the retorts (internal also urges the absolute necessity of a verising the coal, keeping it in con- 
leating), the pulverised coal travel- complete control of the temperature, stant motion whilst carbonising, so 
ing continuously in the reverse di- because he is of the opinion that the as to ensure uniformity and the 
ection by means of mechanical agita- general process of carbonising the briquetting of the residual low tem- 
ors or conveyors, whilst the retorts coal is endothermic, that is, heat has perature fuel whilst hot and plastic, 
ire at the same time also heated to a to be absorbed from outside sources Further, the carbonisation is gradual 
re ry limited extent by external com- until a certain point, the paraffinoid in successive zones of temperature, 
mstion chambers or furnaces. The decomposition limit, is reached, when so that the products of one zone are 
hief object of all low temperature it suddenly becomes exothermic, that driven off before the next is entered 
>rocesses is, of course, to convert as is to say, a reaction takes place, and upon, the first zones being purely 
nuch as possible of the volatile matter heat is given out so that the tempera- exothermic in their reaction, and the 
>f the coal into liquid products of the ture naturally rises rapidly and is last stages endothermic. The nett 
raraffinoid series with as low boiling very difficult to control. The range result is claimed to be that the liquid 
Joint as possible, especially for use as of this critical temperature of carbon- products are entirely paraffinoid, and 
notor spirit, and to avoid in the car- isation is 705-820 deg. F. (375-440 contain no trace at all of benzenoid 
ionisation the partial decomposition deg. C.), and 820 deg. F. (440 deg. C.) compounds^ whilst the whole of the 
>f these valuable products with the is the absolute maximum tempera- organic sulphur present is practically 
ormation of benzenoid compounds, ture. Mr. Lamplough states that all left as free sulphur, and the par- 
hat is aromatic hydrocarbons such over 1,110 deg. F. (600 deg. C.) the ticularly obnoxious benzenoid sulphur 
a benzene, toluene, naphthalene, process becomes what is generally compounds are entirety absent, so 
anthracenes, etc., acids such as car- known as high temperature, and a that refuse coals containing as high 
K>lic acid, together with a large pro- large yield of complicated substances as 8 per cent, sulphur can be treated, 
portion of complex organic com- — chiefly in the form of pitch — re- The “ Lamplough ” plant, like most 

►ounds in the form of pitch and tar. suits, which amount from anything others, has undergone a gradual evolu- 
fr. Lamplough is of the opinion that up to 35-40 per cent, of the total oils tion. In the first patent the heating 
me of the difficulties of low tempera- produced, while the motor spirit at was external by means of producer 
ure carbonisation in this respect is this temperature is nearly all ben- gas, but this type of retort (illustrated 
hat there is a certain very short zene, that is, benzenoid, and not in Figs. 1, 2 and 3) is interesting as 
ransition stage within a very limited paraffinoid. showing the methods used for*0btain- 

ange of temperature in which the In order to avoid exceeding the ing the regular heating of the coal 
>araffinoid compounds formed almost given range of temperature, and even and the internal conveyors used, 
xdusively are suddenly decomposed, momentary contact with the hot Fig. 1 is a longitudinal section of 
nd large amounts of benzenoid sub- retorts or other portions of the plant the retorts, constricted of horizontal 
tances result. That is to say, the above the limit, the carbonisation in steel tubes, aqd Fig. 2 is an end view, 
emperature control of the process the “ Lamplough " process is prac- showing a section of the discharge 
nust be very accurate, and under tically effected by internal heating receptacle, Fig. 3 showing a portion 
lerfect control, if the large proportion with superheated steam at a definite of the apparatus on a larger scale, 
i paraffinoid compounds formed are temperature, confined with, when The coal, in a roughly pulverised con- 
o be preserved, and most low tenv required, a small proportion of the dition, in brbught to the coal measur* 
leVature processes are defective be- hot gases. Any rise in temperature ing hopper (A) through a trough (B) 
ause this vital point is not realised, due to exothermic reaction is kept by means of a worm conveyor' (C) 
nd the methods of ccvitrol of the easily under control by adding steam working in the trough, which has a 
emperature are much too crude. as required at a lower temperature, suitable orifice above the measuring 
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hopper (A), The measured charge of 
coal is discharged to tlje retorts 
through th$ vertical putlet (A2), the 
hopper (A) containing in it two con- 
centric shafts (D, Dl), not shown in 
the illustrations, which, by suitable 
operating gear, are aatated, and pro- 
jecting blocks (E, El) carry forward 
a definite amount or coal and dis- 
charge it through (A2). A steam 
pipe is also fitted to the hopper casing 
so that low pressure steam passing 
in excludes air from the hopper 
casing, and then travels on through 
the retort, assisting to drive off the 
rich hydrocarbons as fast they are 
formed, and reducing “ cracking '' to 
a minimum. It will be noted in this 
first patent that the heat of the steam 
is not entirely used for carbonising. 

The charge of coal on discharging 
through (A2) then falls into an ex- 
tension (Ml) (Fig. 3) of the uppermost 
retort (M). The horizontal tubular 
retorts (M) are arranged in a series 
one above the other, as in Fig. 1, 
within a furnace setting (N), and 
each of these retorts contains inside 
a worm conveyor (M2), as shown in 
detail in Fig. 3. These worm con- 
veyors are each operated by the 
toothed gearing (0), the bearings 


ordinary way, according to the quality 
of the coal, and the travel is roughly 
at the rate of 0.83 feet per minute, so 
that the total time of carbonisation 
is 120 minutes. 1 

In a later patent (1916), Mr. Lamp- 
lough uses low pressure superheated* 
* steam as the heating medium for car- 
bonisation in direct contact with the 
coal in special vertical retorts. Each 
# of these retorts, which are erected in 
groups in the form of a battery, is 
provided with an inlet lor the super- 
heated steam, a principal gas delivery 
duct and a by-pass delivery duct, the 
latter arranged in case of necessity 
that some of the gas when evolved at 
a fairly high temperature can be 
diverted to the steam inlet portion of 
the retort, so that the hot gases will 
assist the steam in carbonising the 
coal. The details of the retorts aie 
seen in the illustrations, Fig. 4 being 
a front elevation of a battery of 
retorts, and Fig. 6 a section. The 
apparatus consists essentially of a 
battery of vertical retorts (A) fitted 
at the bottom with two parallel mains 
(B) and (C), and at the top with two 


other corresponding and farallef mains 
(D) and £E). The bottom main (BJ 
is supplied with superheated steam, 
and is known as the steam main, 
whil4 (C) is the by-pass main con- 
nected by a downtake main (F) to 
the upper main (E) known as the by- 
pass delivery. The other upper main 
(D) is the gas delivery main. The 
mains (B) and (C) discharge into a* 
series of inlet ducts (G), one for each 
retort, communication between these 
tnains and the ducts (G) being con- 
trolled by two opposed mushroom 
valves (Ht HI), not shown in the 
dtawing, and controlled as required 
by a control h^er passing through a 
stuffing box above the duct (G). 

In the same way the upper mains 
(D) and (E) are connected to outlet 
ducts (Gl) through valves (Jl, J2), 
and controlled by valves operated 
by levers. To the top of each vertical 
retort is fitted a coal hopper (K) with 
a suitable discharge mouth contain- 
ing a perforated grate to support the 
coal, this grate being pivoted and 
operated by a lever so that any re- 
quired amount of coal can be dis- 


being water-cooled at (P). The 
roughly pulverised coal, therefore, 
by means of these slow-moving in- 
ternal worm conveyors, travels along 
inside the top retort (M) from the 
coal feed hopper (A), and then falls 
out of the end of the retort down into 
the next retort (M3) as shown in 
Fig. 3, and by the alternate arrange- 
ment of the worm conv^ybr then 
travels along inside this retort the 
reverse direction, falling down at the 
end into the next* retort underneath, 
and so on through the whole battery 
of retorts until finally the fuel emerges 
at the bottom and falls into the re- 
ceptacle (Q), Fig. 1, into which also 
passes all the gases and vapours 
evolved. These latter pass out through 
the outlet (R), Fig. 2, to the ordinary 
by-product plant, and are treated in 
the usual tway. t *Tlie residual low 
temperature fuel, which still contains 
10-12 per cent, of volatile and tarry 
matter, is conveyed continuously out 
of the receptacle (Q) by the screw 
conveyor (S), Fig. 2, dhd passes out 
of (S) to a suitable press fett briquet- 
ting. Generally speaking, the battery 
of retorts is constructed of such a size 
that the total of 144 feet of tubing is 
exposed to the furnace. • 

The temperature within the setting 
is maintained at about 750-1,020 deg. 
F. (400-600 deg. C.) by means of pro- 
ducer or other suitable gas in the 
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Fig. 3 


charged into the retort below. The 
heating steatn is superheated in the 
special superheater (M) shown in 
Fig. 5, ana exhaust steam can con- 
veniently be used for this purpose 
along with some low pressure live 
steam admitted at (01). The vertical 
retorts are charged with coal from the 
hopper, and the superheated steam 
is admitted at the bottom at any re- 
quired temperature from 390-1,110 
deg. F. (200-000 deg. C.), so as to 
extract the ammonia after distilling 
off the oil. 

In normal working the superheated 
steam is admitted from the main (B) 
through the valve (H), Fig. 5, into 
the bottom of each retort, and passes 
up through the coal in the retort, 
carbonising it at the given tempera- 
ture, the gaseous and volatile products 
passing off through (Gl) under control 
of the valve (J) from each retort into 
the gas main (D), with the valves 
(HI) and (J 1) closed. This is only the 
case, however, when each retort is 
evenly packed with coal, and the 
same amount of steam is passing, 
which is rarely the case. When the 
reaction in one retort lags behind the 
others, one or other of the valves (Jl) 
is opened, and the corresponding 
valve (J) closed, which diverts into 
the by-pass delivery main (E) some 
of the hot gas which would otherwise 
•have been delivered into the main 
(D), and in this way, by manipulating 
the valves and the delivery of hot gas, 
the same amount of carbonisation is 



obtained in each retort of the battery. 

In a still later patent (1918), Mr. 
Lamplough has then combined the 
internal screw conveying gear retorts 
with the principle of both internal 
heating by means of superheated 
steam and a slight external heating 
by means of producer or other gas at 
the same time. The apparatus is 
illustrated in Fig. 6, which is a side 
elevation in part vertical section, and 
Fig. 7, an end view of the upper 
portion of one of the retorts of a 
battery. As seen in Fig. 7, these 
retorts are oval in cross section, and 
are mounted side by side in a furnace 
chamber (B), sloping upwards from 
the bottom to the top of the chamber 
at an angle of 30 deg. to the hori- 
zontal. In cadi retort is a stirrer 
or agitator (Al) with lateral arms 
placed in the curved bottom of the 
retort, driven by an outside shaft 
(A2), so as to prevent the coal from 
caking. Coal is supplied from the 
hopper (C) by means of a worm con- 
veyor (Cl) through a hermetically 
sealed rotary coal discharge valve 
(C2), and this worm conveyor (Cl) 
discharges the coal into a second 
worm conveyor (D) at right angles, 
which traverses the top of all the 
retorts, and is in communication with 
the upper end gk each retort, so that 
all the retorts of a battery are kept 
charged from the one hopper (C). 
At the bottom of the retorts is a 
corresponding worm conveyor (E) 
which discharges all the residual low 


temperature fuel from the battery of 
retorts. A^ ove the* retorts is a 
cylindrical expansion chamber (F), 
and each retort is in communication 
with this chamber through the corf- 
duit (FI), whilst the pipe (G) is con- 
nected to a stetm generator (Gl). 
Yhis is of the tubular type, the upper 
ends of the tube being in communica- 
tion with the pipe (G) and the lower 
.ends with thq delivery pipe (G2), 
whilst from another point lower down 
in the expansion chamber (F) a 
second pipe (H) is attached, which 
ccftnniunicates with a tubular feed 
heater (Hf)>. 

In* working the app*aratus, the 
partially pulverised coal is fed con- 
tinuously into the retorts bf the con- 
veyors (Cl) an<J (D), and the residual 
low temperature fuel discharged by 
the conveyor (K). Th^ hot gaseous 
and volatile products given off by the 
coal as it is carbonised during the 
descent through the retorts passes 
into the expansion chamber (F), and 
thence through the pipe (G), and 
partly through (H). At starting, the 
steam generator (Gl) and the feed- 
water heater (HI) are both full of 
water, and the hot gases from the 
pipes (G) and (H) heat the water until 
steam is generated in (Gl), and the 
water in (HI) is heated very hot. 
The steam generated then passes out 
through the pipes (J^ and (Jl) under 
the retorts, where it is superheated 
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by a furnace, as shown in Fig. 6, and 
from here into the bottom of each 
retort by the connection (J2), as 
shown. As the amount of steam 
generated in (GJ) increases, the pres- 
sure drives some of the water out 
into the heater (HI), through the 
short connecting pipe (H3), which, 
in turn, drives water out of (HI) up 
the pipe (H3) into the overhead store 
tank (H4), which thus alter.* the head 
and controls automatically the steam 
supply. The gaseous and volatile 
products driver^ off by the carbon- 
isation, after passing through (Gl) 
and (HI), are then treated in a by- 
product plant as usual. Ihe plant 
can be arranged with a number of 
expansion chambers instead of the 
one (F), so that.the heavy fractions 
automatically separate from the water 
and lighter fractions. 

A modification of this process, as 
contained in a final patent (1918), is 
to preheat the coal in a roughly pul- 
verised condition until gas commences 
to come off, and the$i passing super- 
heated steam at a predetermined and 
controlled temperature through the 
mass. In this? variation the super- 
heater is of chequered brickwork on 
the usual regenerafor principle, heated 
by the gases of combustiorf from the 
furnace, as before, the internal steam 
heating being combined with external 
furnace heating, and steam then 


passed through for a short period, towers, and the various liquid fmc- 
using two alternate regenerators as tions separated. The residual gas Is 
usual. Also, the retort is of the then pasged through a sulphuric add 
vertical pattern, with a rotary dis- tower for absorption of the ammonia 
charge grate at the bottom, on the with the formation of ammonium 
lines of the ordinary hig£ tempera- sulphate, and then scrubbed for a 
ture gas retort. Coal is fed in at the further supply of motor spirit, and 
top continuously or intermittently by the residual gas is available for light 
a gas-sealed rotary coal discharge and power purposes, or for heating 
valve, and part of the furnace gases — the retorts as usual, 
consisting largely of* CO 2 , — together The efficiency of the process ft 

with steam, are passed up inside the stated to be high because of the 
retort, which at the .same time is direct internal heating, so that only 
heated by outside combustion chani- • about 1,200,000 H.Th.U. (5 per cent, 
bers, but the steam is not admitted of the heat in the coal) is required for 
until the carbonisation has com- carbonisation, whereas most extem- 
menced. As already stated, by any filly fired methods require 2,500,000 
of these processes the gaseous and B.Th.U. (10.1^ per cent.), because of 
volatile products pass to a by- the loss of heat when passing through 
product plant, that is, through a the retort walls. Against this, how- 
system of cooling and dephlegmating ever, there is the cost of briquetting. 
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The cost of the plant is also claimed 
to be relatively small whilst deprecia- 
tion is less than fid. per ton, and the 
cost of labour very low. A large 
scale plant would be largely auto- 
matic in action because of the ex- 
tensive use made of mechanical con- 
veyors right up to the briquetting 
stage, and it is claimed that the total 
labour costs are less than 2/6 per ton. 
It is maintained, for example, that 
one man would be able to look after 
twenty retorts 
of coal per 1 
75 tons of 

of oil p* 24 hours, particularly as the 
temperature control is largely auto- 
matic, depending on the water level 
in an overhead tank, as already ex- 
plained. Also, a great variety of 
carbonaceous material can be handled 
in the same retort, coal of all kinds, 
including pit refuse, shales and torban- 
ites, cannel coals and lignites, and 
there is no need for the blending of 
coals. 

Finally, as regards the yields ob- 
tained, 1 ton of average coal, 25-30 
per cent, volatile matter, is stated to 
give the following : — 

Gas ft. 2,000 

Motor spirit galls. 4 

Oil 18-20 

Sulphate of ammonia ... lb. 15-26 9 

Rettdual smokeless fuel cwt. 15 

The yield of gas is very small in the 


" Lamplough " process, and the 5,000- 
6,000 cubic feet of rich gas character- 
istic of many so-called “ low tempera- 
ture ” processes is only obtained be- 
cause of excessive cracking due to too 
high a temperature at some stage of 
the carbonisation. 

The 20 gallons of oil obtained by 
the “ Lam plough " method is stated 
to be of very high quality, because of 
the entire absence of secondary de- 
composition, and any rise in tempera- 
1 — 4 ’ TK 

u yields : — 

0 motor sprit. 

2 gallons burning oil. 

2 gallons middle oil. 

5 gallons lubricating oil. 

3 gallons heavy oil. 

4 gallons pitch (20 per cent.). This 
includes loss, gas and fuel oil. 

There is no cresylic acid, which is 
really a high temperature product 
like carbolic acid, and Mr. Lamplough 
maintains that the so-called low tem- 
perature processes working at 1,000 
deg. F. (540 deg. C.) give 24 gallons 
benzole, 3-4 gallons cresylic acid, 
1 gallon light lubricating oil, 3 gallons 
heavy lubricating oil, and 34 per cent, 
pitch. 

The yield olr motor spirit by the 
99 Lamplough M method is very high, 
being 3-5 gallons per ton of coal, but 
averaging 4 gallons. It is stated, 
also, to be of excellent quality, as 


proved by exhaustive tests carried 
out by a well-known motor car firm 
in Coventry/ s 

The yield of lubricating oil is also 
very high, because of the absence of 
benzenoid compounds containing oxy- 
gen and sulphur. ^The 6 gallon yield 
19 further fractionated to : — 

(1) Sewing machine and light ma- 

chine oil. 

(2) Medium quality lubricating oil. 

# (3) Heavy lubricating and cylinder 

oil, the residue from which is 
gear grease and axle grease, 
^ together with some pitch 
used # for briquetting. 

The heavy oil can be used as a fuel 
oil, mixed, if necessary, with any of 
the other fractions, and the pitch is 
utilised for th^ briquettes. The 
residual smokeless fuel, containing 
about 10 per cent, volatile matter, 
besides being available for briquettes, 
as already stated, can also be used 
direct in its semi-coked condition for 
steam generation. 

The 99 Lamplough ” carbonisation 
process can also be combined with 
another patent of Mr. Lamplough's 
for cracking heavier oils to motor 
spirits, known as the 99 Synthol ” 
process, which it is claimed converts 
40-70 per cent, of various middle 
fractions of petroleum and similar 
products (such as American gas oil, 
Russian kerosene, Trinidad middle 
oils, and low temperature middle 
fractions) into motor spirit. 


BRITISH ROLLING STOCK 
FOR THE CONTINENT 

One of the most conspicuous illus- 
trations of the great repute of British 
railway stock is supplied by the sleep- 
ing cars recently supplied from Eng- 
land for a Continental ’service. These 
cars embody many noteworthy ad- 
vances, chief among which is the 
extensive use of steel Castings* in the 
construction of the underframes. The 
body framework is of steel throughout, 
being built up of pressed steel pillars 
and sheets l/8th iiv thick, of a special 
quality of steel. All the interior 
woodwork, which is of polished ma- 
hagony, is made in sections 4 which 
are inter-changeable. ^ Forty cars of 
this type have been “ordered for the 
Riviera Service across France, and 
they are noteworthy for their ex- 
traordinarily smooth running, even 
over indifferent railway trades. 
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meats of engines 
vieWfed at the crank 
i shaft en<i. Fig. 5* 
is another view of 
the power-station 
and shows how one 
•of the alternators 
is mounted on the 
crankshaft along- 
side the engine fly- 
wheel. 

Fig. 2 shows a 
general arrange- 
ment plan and ele- 
vation of the com- 
plete equipment 
within the gas plant 
t and engine houses. 
The gas piping ar- 
rangement already 
referred to is dearly 
shown, as is also 
the e'xhaust piping, 
a part of which 
is water jacketed 
to supply a service 
of hot water for 
baths and washing 

where any particles of moisture are cent, overload. The fourth engine purposes. Air storage receivers are 
got rid of. This scrubber is shown develops 225* brake horse-power provided for starting up .the gas. 
to the left-hand side of Fig. 4. All at 190 revolutions per minute, engines. They are charged up from 
of the four dry scrubbers — one to and is connected through a flexible motor-driven compressors, 
each gas plant unit — are coupled to- coupling with an Ingersoll-Rand air The question of operating the alter- 
gether in a manner that will be compressor having a capacity of 1,500 nator sets in parallel with each other 
referred to later. cubic feet per minute. Fig. 1 is re- was given very special consideration 

produced from a photograph of the by the manufacturer^. So far as the 
Gas Engine Sets power-station, and shows the arrange- gas engines are concerned they are 

The four gas engine sets supplied *At altitud<Tof 4~200 feet and at reduced easily capable of fulfilling the required 
by the Premier Gas Engine Company speed* to suit alternators. conditions, being of the four-crank 

Limited, Sandiacre, 



near Nottingham 
(associated with 
Crossley Brothers 
Limited), are all of 
the firm's horizon- 
tal multi - cylinder 
type, all with cylin- 
ders of 17 Jin. bore, 
with a stroke of 
20 in. As already 
mentioned, three of 
the engines drive 
three-phase alterna- 
tors, each of 250 
k.V.A. capacity at 
.8 p.f., with 525 
volts at 187.5 rev- 
olutions per minute. 
These alternators 
were supplied by 
the S.A. General 
Electric Company 
Limited. The gas 
engines are designed 
for 300* _ brake 
horse-power’normal 
working load, and 
will cany a 26 per 
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continuous \est was 
made 'first, working 
under normal con* 
ditions, but using 
only two producers* 
these being suffi- 
cient to serve the 
three 200-kilowatt 
gas engine alterna- 
tor sets. The fourth 
engine, which 1 * iH 
used for driving 
the air compressor, 
was not tested, one 
of the gas producers 
being coupled up to 
serve this engine ex- 
clusively during the 
test. The fourth 
producer was shut 
djo w n entire By 
throughout the 
tests. 

Care was taken 
to note that the 
amount of fuel 
within the pro- 
ducers was the same 


type and designed to give a degree of 
cyclic irregularity not exceeding 1 /500. 
To* ensure this degree of steadiness 
under all conditions of working, a 
uniform quality of gas must l>e sup- 
plied to the engines. For this reason 
a special arrangement of equaliser 
pipes was introduced between the 
dry scrubbers &i the gas-produdng 
plant, and arranged in the following 
manner : — The scrubbers are first 
coupled together in 
pairs by means of 


Teats 

Tests were carried out upon the 
installation by Prof. Buchanan, B.Sc., 
of Johannesburg, and the following 
particulars are extracted from his 
report dated February 21st, 1922 : — 
The main object of the tests was to 
determine the quantity of dry wood 
fuel consumed within the gas plants 
in generating one Board of Trade unit 
of electricity. A twenty-four hours' 


at the beginning and finish of the 
test. The wood fuel used was of a 
normal mixture of Mapani, Knobby- 
Thorn, Manila, and other soft woods. 

The makers' guarantees given with 
dry wood fuel were as follows : — 

I*b- per b.h.p. 
hour. 

At full load 2.0 

At three-quarter load ... 2.2S 

At half load 2.76 

At quarter load 3.9 


overhead pipes, and 
these pipes in turn 
are coupled together 
and lead into one 
common main •de- 
livery pipe. The 
arrangement can be 
noted in Fig. 4, 
and is interesting as 
showing the means 
adopted for ensur- 
ing thorough mixing 
of the gases together 
after the^ leave <the 
dry sembber. A 
further point is that 
the suction from 
each of the gas 
engines when in 
operation is more 
evenly distributed, 
with the result that 
each gas generator 
responds to its fair 
share of the load 
and generates gas 
in proportion. 
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Date of te«t ... 


February 2nd and 3rd, 
1922. 


Duration of teat 24 hours 13 min. 


Total units generated measured at the switchboard ... « ... 11,530 units 

Average load from three sets ... • * ... 477 kilowatts 

Load factor (say 1 60 kilowatts per set) 80 per cent. 

Corresponding power developed by each engine (89.5 per cgnt. 

‘jl alternator efficiency) ... • ... 239 brake horse-power • 

cl fuel used during test 41,208 lb. 

Fuel used per hour 1,703 lb. * 

• 9 Per B.H.P. Per K.W. 

Fuel consumption rate at 80 per cent, load * 2.39 lb. 3.575 lb. 

Average moisture content In fuel 13.5 per cent. * 

• Per B.H.P. Per K.W. 

Equivalent dry fuel consumption rate at 85 per cent, load ... 2.07 1b. 3.091b. 


say, 3.6 lb. per unit (kilowatt) gener- 
ated, the cost works out at less than 
0.20d. pet unit for fuel. • 

l • 

Water Consumption for • 
Gas Plant 

The quantity *)f water used for the 
gas plant scrubbers, etc., was care- 
fully ascertained from measured tdhks, 
and was found to amount to 2,850 
gallons per hqjur, equivalent to a rate 
of approximately 4 gallons per brake 
horse-power. The temperature of 
water inlet was 84 deg. Fah. 


A curve made from the makers' 
guarantees shows thaif at 80 per cent, 
load the corresponding fuel consump- 
tion would be 2.15 lb. of dry fuel (see 
Fig. 6). As may be seen, therefore, 
the actual test result 3 4 per cent, 
below the guarantee. 

The watt-hour meter was calibrated 
before leaving Johannesburg, and the 
station instrument and feeder watt- 
meters checked against it. The net 
difference in the readings was within 
2 per cent. 

After the main test, and whilst the 
three sets were operating in parallel 
with a load of about 500 kilowatts, 
first one, then a second sparking plug 
was disconnected from one engine 
(thus cutting out two cylinders) with- 
out causing any appreciable effect in 
the parallel operation of the machine. 
No doubt the synchronising current 
was increased, but owing to the load 
fluctuations the difference could not 
be observed. 

After continuous running on ordin- 
ary toad, one of the alternators was 
taken off load, leaving two machines 
operating at 400 to 460 kilowatts for 
over two hours. This represents more 
than 10 per cent, overload. Tem- 
perature readings taken at the field 
and stator windings immediately the 
machine was shut down showed that 
the temperature increase was within 
the usual guarantee of 50 deg, C. 


average over any particular period 
must be fairly correct. 

From 11.30 to 2 p.m. the average 
total load was 680 kilowatts, average 
amperes, per machine, 296 per 
phase, and volts 524, which gives a 
power factor of 0.72. 

From 3 p.m. to 5.30 the average 
total load was only 440 kilowatts, 
246 amperes, per machine, volts 530, 
giving only 0.66 power factor. 

In both cases the value is for the 
generators themselves, including the 
synchronising current. 

A test made during the afternoon 
with an ammeter measuring the whole 
current from the three machines, 
usually read about 5 per cent, lower 
than the sum of the three ammeters. 
The load values for the power factor 
would thus actually be about 5 per 
cent, higher than those given above, 
or, say, 0.77 at 580 kilowatts and 0.70 
at 440 kilowatts. 

Cost of Wood Fuel 

The average weight of a “ cord of 
wood " was carefully checked from 
samples made up by boys and after- 
wards weighed. Manila wood gave 
3,0001b. and Mapani 3,600., The 
average, therefore, would be fairly 
represented by 3,300 lb. to the cord, 
at an average price of 15s. per cord. 
Taking the fuel consumption to be, 


Gas Analysis and* Calorific 
Value 

The official analysis oF the con- 
stituent gasea from the gas plants 
and their calorific value is given 
below. The variation in the samples 
is due mainly to the condition of 
producers as regards stoking and 
charging, and illustrates the im- 
portance of mixing the gases from the 
different producers before use at the 
engines. 

[Copy ok Gas Analysis, etc.] 

University College, 
Johannesburg, 

Feb. 17th, 1922. 

To Professor Buchai an, 
Johannesburg. 

Dear Sir, — The following is my re- 
port on four samples of producer gas 
from Lonely Mine, submitted by you. 
The boftles were not numbered, so, 
for convenience, they were given the 
numbers 1 to 4, according to their 
position in the basl^t. 

Calorific Values (Gross). 

These were determined by direct 
combustion of a known volume of gas 
in presence of oxygen. The figures 
given represent Ij.Th.U. per cubic 
foot, at 760 millimetres pressure at 
0 deg. C. 


The power factor indicator was 
provided with resistance coils for 1 10 
volts, which were unsuitable for the 
voltage of 280 to neutral, so three 
transformers belonging to the mine 
were used to reduce this pressure ; 
the readings, however, seemed not 
quite consistent, and were not noted 
during the test. Instantaneous read- 
ing of volts, amperes and kilowatts 
were, however, taken every half fy>ur, 
* and although it was difficult to get a 
steady value, owing mainly to the 
varying synchronising current, the 
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A 'composite sample consisting of 
approximately equal proportions from 
each bottle was analysed by means of 
a Horn pels apparatus, with the follow- 
ing results • 

Per cent, by 
volume. 


Carbon dioxide 

1.8 

Oxygen 

2.5 

Carbon# monoxide . . , 

... 22.0 

Hydrogen 

... lfi.4 

Methane 

1.0 

Olehnes (ethylene, 

acety- 

P' lene, etc.)* 

. . . Trace# 

Nitrogen (by dill.) 

... 56.4 


By calculation this gives a gro»9 
calorific value of 142 B.Th.U. per 
cubic foot. This figure cannot, how- 
ever, be regarded as being so accurate 
as those obtained by direct com- 
bustion, in the Mahler calorimeter, 
owing to the limitation of technical 
methods of gas analysis in determin- 
ing and differentiating small pro- 
portions of hydro-carbon gases. 

These results show that the gas is 
of high standard, somewhat above the 
average for producer gas. — Yours 
faithfully, (Signed) 

N. B. Adam. 

Concluding, Prof. Buchanan states : 
" The whole plant seems well able to 
give its guaranteed output. The 
engines run remarkably smoothly, 
with absence of noise, and are of 
ample capacity for their duty. The 
producers also appear to have suffi- 
cient capacity to enable the normal 
load to be obtained with one in re- 
serve. Some 2(X) gallons of tar were 
produced from the whole plant during 
the twenty-four hours’ test." 
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The Michell Viscometer 


This article has been compiled from data sup - 
plied *by the agents for the Michell Viscometer, 
Messrs. Adams Hilger Ltd., London, to Mom 
we are also indebtJk for the loan of blocks. 


E VERY fluid, whether it is a 
liquid or gas, offers resist- 
ance to flow, which is termed 
its viscosity. Viscosity is the 
opposite of inability. It is a 
property which is independent of 
specific gravity. Although, generally 
speaking, the two usually vary in the 
same order in any one fype of oils, 
yet oils of the same specific gravity 
may differ very widely in viscosity. 
Again, although two oils may have 
the same viscosity at a certain tem- 
perature, they may have quite differ- 
ent values when tested at another 
temperature. The practical import- 
ance of this latter fact will readily be 
appreciated . V iscosity being t he most 
important factor in the lubrication 
value of an oil, its measurement be- 
comes of prime importance to those 
having to decide as to the suitability 
of a lubricant for any specific purpose. 

Hitherto the instruments employed 
for measuring viscosity have been of 
such a nature as to be quite unsuitable 
for anything but laboratory use by 
experienced hands. For scientific 
purposes most of them make use of 
Poisseuille's law, in which the rate 
of flow or efflux through a capillary 
tube is measured. The method in- 
volves a large number of trouble- 
some corrections for acceleration due 
to gravity, density, mean head, sur- 
face tension, etc., etc., but in careful 
hands it is capable of considerable 
refinement, with results approximat- 
ing to absolute values. 

The most widely used instruments 
are the 44 Redwood ” in Great Britain, 
the 44 Saybolt " in the United States, 
and the 41 Engler ” on the Continent, 
all of which operate upon the efflux 
principle, whereas in the 44 Cup and 
Ball/ 4 or 44 Michell " viscometer, the 
measurements are obtained in a very 
different and a much simpler way. 

The Michell instrument consists of 
a cup of steel or cast iron having a 
.perfect^, concave surface, and is pro- 
vided with a hollow stem or handle, 
which forms a thermometer pocket 
extending into the nfctal of the cup. 


The surface of the cup has three 
minute projections which prevent the 
steel ball from making complete con- 
tact, and regulate the thickness of 
the film of fluid under test. In order 
to protect the concave surface from 
injury, and to accommodate a sur- 
plus of the fluid, the cup is slightly 
recessed all round its edge. 

Viscosity is measured by taking 
the time required for the ball to fall 
from the inverted cup. 

In the usual forms of viscometer 
the test is made by causing a consider- 
able volume of the liquid (say 50 
cubic centimetres) to flow through 
an orifice or tube 1 or 2 millimetres 
in the bore. In these 44 tube ” vis- 
cometers, therefore, the liquid is 
drawn out into a thread many feet 
(usually about 100 feet) in total 
length. In order that the test may 
not take too long, for example, not 
more than 30 minutes, this thread 
must, of course, move through the 
tube or orifice at a comparatively high 
velocity, viz., 1 centimetre or more 
per second. 

In the “ Cup and Ball ” viscometer, 
on the other hand, the maximum ex- 


tent of movement of any particle of 
thfe liquid is from the outer edge of 
the cup to%JLs centre, and the average 
movement is still less, and only about 
0.3 centimetres. Thus, although the 
test may be made in 30 seconds in- 
stead of 30 minutes, the average 
velocity is onfy about 0.01 instead 
of 1.0 centimetres per second, and 
consequently the amotmt of energy 
per unit volume of liquid which is 
absorbed in producing velocity in the 
44 Cup and Ball ” and 44 Tube " vis- 
cometers respectively are about in the 
ratio of 1 to 10,000, being proportional 
to the squares of these velocities. 

Similarly, the liquid thread of the 
44 Tube ' 4 viscometer, while being 
drawn out to a length of, say, 100 
feet, has its surface extended to an 
area of many hundreds of square 
centimetres, and the relatively large 
and uncertain amount of energy re- 
quired to effect this extension against 
the action of the surface-tension is, 
of course, not available for overcoming 
the viscous resistance. 

In the 44 Cup and Ball ” viscometer, 
on the contrary, the total extension of 
the liquid surface during the action of 
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the instrument amounts only to a 
fraction # of 1 square centnnetre, and 
the energy involved ^is negligible. 

In another important respect, the 
% Tube ” viscometer fails to give a 
true measure of viscosity. The force 
which propels the <fluid through the 
tube is the weight of a short column* 
of the liquid, and this weight depends 
on its specific gravity. The resultant 
motion is, therefore, a mixed measure 
of the viscosity anS the specific* 
gravity, hence the latter must be 
separately determined before the true 
viscosity of the liquid can be deduced 
from the test. 

But in the laboratory method of 
using the " Cup and I^all " viscometer, 
the force ^vliich overcomes the viscous 
resistance is the weight of the steel 
ball less the weight of the liquid dis- 
placed, which is definite, and for 
ordinary ranges of liquid density is 
for all practical purposes constant. 
Thus the viscosity is determined in- 
dependently of any other property of 
the liquid by the Michell viscometer. 

The action may be briefly explained 
as follows : — When its support is re- 
moved, the ball, being acted upon by 
gravity, is drawn downwards. The 
film, which is of fixed initial thick- 
ness, thereby becomes subject to 
tension ; and, following the law of 
fluids, it draws the fluid from the 
circumferential gallery, which is its 
only source of supply, towards the 
centre of the cup. The inward rate 
of flow of the fluid increases the film 
thickness until the ball falls away, 
and the rate at which thjp inward 
flow takes place is an inverse measure 
of the viscosity of the fluid. 

The workshop method is employed 
when it is desired to quickly compare 
the viscosities of several samples of 
oil at one temperature, and where 
approximate readings are all that are 
required. The procedure is as follows : 

Sufficient of the oil to be examined 
(usually about three drops) is put into 
the cup, so that when the ball is 
placed in, position, the gallery and 
annular recess is completely filled. 
The whole is then inverted, and the 
ball and cup pressed firmly together 
on a clean board or pad to ensure 
contact between the§ ball and the 
projections in the cup, the«instniment 
being held only £y the insulated, knob 
of the handle, so as to avoid heating 
it. A convenient ynethod is to rest 
the elbow on the bench whilst apply- 
ing the full weight of the hand, i.e., 

5 or 6^b., on the knob of the instru- 
ment for a time equal to not less than 
half the time of fall of the ball, as 
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obtained by a trial reading. After re- 
leasing the pressure for one second 
the viscometer is raised an inch or 
so, holding it steady and vertical, at 
the same moment a chronograph or 
stop-watch is started and the number 
of seconds from the lift to the fall of 
the ball is noted. The time in seconds 
divided by the constant of the instru- 
ment gives the viscosity of the fluid 
under test in dynes per sq. cm. at 
the temperature shown by the ther- 
mometer in the stem. The operation 
should be repeated to check irregu- 
larities, and the average result taken. 
In order to establish continuity of 
temperature between the instrument 
and the thermometer, a few drops of 
the fluid to be tested should b$. placed 
in the thermometer pocket. 

The above method, whilst useful in 
classifying oils, is limited to the de- 
termination of their viscosities at 
atmospheric temj>erature. The en- 
gineer, however, requires something 
more than this in order to make an 
intelligent selection of the best oil to 
use for a particular bearing. The 
viscosity curves of the oils must be 
compared, e.g., if it is thought that a 
particular bearing, adequately lubri- 
cated, is running at too high a tem- 
perature, a viscosity curve of the oil 
used should be plotted, and the vis- 
cosity of the oil at the running tem- 
perature noted. Another oil is then 
selected and its curve drawn. If the 
second oil has a lower viscosity at 
that particular temperature, then 
probably it is the better oil to use for 
the particular conditions. The pro- 
cess should be repeated until an oil 
is found with which the bearing will 
run at the lowest temperature. 


In using the laboratory method the 
tests are made with the cup and ball 
immersed, and care should be taken 
to work in a situation free from 
draughts and dust. 

A convenient method is to use a 
small glue kettle (holding, say, J pint), 
and having seen that the inner pan 
is thoroughly clean, fit a sheet of 
soft lead in the bottom for the ball to 
drop upon. Place the instrument in 
the pot with sufficient of the fluid to 
be tested to well cover the ball and 
cup, put a few drops of oil down the 
stem and insert the thermometer, and 
put water in the outer pan. The 
whole is then stood on a Bunsen 
burner and kept at the boiling point 
of water for a couple of hours, so as 
to get every part of the cup and ball 
to this temperature, then taken off 
and placed on a table in a good light. 

Lower the viscometer with the 
thermometer in its stem on to the 
ball, keeping it inclined at an angle 
of about 45 cleg, to avoid trapping air 
in the cup, press the ball home (as in 
the workshop method), raise the in- 
strument sufficiently to bring the ball 
clear of the bottom of the pot, and 
check the time required for the ball 
to fall. 

The oil should be gently stirred 
with the viscometer before each ob- 
servation is made, to ensure that the 
oil is at the same temperature through- 
out. 

Where viscosities below atmospheric 
temperature are required, it is better 
to cool the whole apparatus with ice 
an* take measurements as it gradually, 
warms up to normal. 

Where readings above the boiling 
point of water &re required, the inner 
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pan can be used alone, carefully heated 
up to the required tenq>erature on a 
Bunsen burner, and the readings taken 
as the temperature gradually falls, the 
inner pan being placed in a warm 
lagged vessel to prevent too quick 
cooling at the higher temperatures. 

Where many tests are to be made, 
and to avoid using the fingers, it is 
worth while to provide some simple 
implement for lifting the viscometer 
and holding it steady whilst waiting 
for the ball to drop. 

In all cases read the temperature 
while the instrument is raised, and 
before the ball drops. 

The first two or three readings of a 
series are apt to be erratic, and ought 
to be neglected. 

Where the fluids to be tested have 
a fairly wide range of viscosity, it is 
advisable to use two instruments, one 
having a high and the other a low 
constant, the high constant instru- 
ment being used for thin fluids and 
the low for the more viscous. Suitable 
instruments are supplied in pairs. 
Generally speaking, it is better to use 
a high constant (or slow acting) in- 
strument where accuracy is important, 
provided that the temperature is 
maintained. 

The constant given on the case of 
♦the instrument, is that applicable to 
the laboratory method of use. It can, 
however, be used with sufficient accur- 
acy in the workshop tnethod, in view 


of the approximate values required 
for shop practice. 

I he whole process of taking a series 
of readings is exceedingly simple with 
the Michell instrument. The specimen 
curve given was completed in two 
hours, and records 32 readings. The 
comparative Redwood curve shown 
required nearly two days to complete, 
and whilst the Michell curve was 
drawn through the datum points, 
that constructed from the Redwood 
readings had to be laired between 
the plotted points. Also to reduce 
the Redwood readings to absolute 
values took longer than the whole 
operation with the Michell viscometer. 

Foreign Matter 

The advantages of expressing vis- 
cosity in absolute units instead of 
arbitrary figures which may bear no 
relationship even to a true measure 
of fluidity, will appeal to engineers as 
the only intelligent method, and one 
which also affords some quantitative 
idea of the power lost through de- 
fective lubrication. The facility with 
which a curve of viscosity can be con- 
structed is of the greatest value; since 
it can at once be seen at what tem- 
perature a lubricant ceases to be 
effective. ** 

In testing crude oils and the like, 
it is advisable, if possible, to strain 
or filter the liquid to remove foreign 
matter. Any solid particles which 


prevent the ball from making perfect 
contact with the projections in the cup 
will, of course, cause the viscometer 
to give a false reshit. It is to be noted 
that whereas solid particles falsify thr. 
results obtained with a “ Cup and 
Ball " instrument^ giving a value of 
^viscosity which is less than the true 
value, they also falsify values given 
with an efflux instrument, giving 
values which are too large. It is not 
‘always possible, however, to remove 
finely divided solids suspended in the 
liquids, and in some cases such sus- 
pended matter may even be regarded 
as an essential constituent of the fluid 
to be* tested, as, for instance, in the 
case of tar or “ black " fuel oils con- 
taining finely divided carjxm. 


FORGING A FOURTEEN 
FEET RING 

Among the most remarkable ma- 
chines to be found in British steel 
works are the huge mills for forging 
various gigantic forms of steel. Some 
years ago, for example, a British 
steel works installed a hollow rolling 
mill for forging the large drums 
required for the slow speed marine 
turbine then in fashion. Since that 
date the turbines installed on board 
ship are much smaller, because they 
run at a very much higher speed, and 
obtain the necessary speed reduction 
by means of gearing. This develop- 
ment, however, brought with it a 
demand for large gear wheels, and 
the sam^ plant has been readily 
adapted to forging the rims of such 
wheels. The steel is first cast in 
ingot form and punched under a four 
thousand ton press. « It is then drawn 
by another press to the desired length 
and is rolled by a twelve thousand 
horse power engine to the required 
diameter. The processes are so de- 
signed that they give uniform strength 
and hardness throughout rim$ meas- 
uring nearly fourteen feet in diameter 
by over six feet in length. The 
final weight of eadli rim "is nearly 
twenty-seven tons, and the forging 
is so large that it has to be trans- 
ported by road. 
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The Development of Water Power 

in India 

i 

The following arc some extracts on tlie discussion whkh look place 
at the Royal Society of Arts on the paper read by Mr. J . # H\ 
cares, C.I.E., b'.R,A.S. t M.lnst.C.E., M.lJi.1: M.I.E. (Ind.). 


T HK Chairman (Sir Thomas 
H. Holland) said the author 
wa$ not entirely correct in 
assuming that the Industrial 
Commission showed a touch- 
ing faith in the omniscience of the 
Public Works Department. In the 
first place, the summary of the 
recommendations of the Commission 
published with its report, contained 
a misprint which might seem to 
reinforce that idea, but if one exam- 
ined the full text of the report, para- 
graph 100, it would be found the 
Commission said that proposals for 
generating water-power from canal 
falls and other frrigation works should 
be considered by a joint committee 
composed of officers of the Public 
Works Department and Industries 
Department — not the Irrigation De- 
partment, as stated in the*summary. 
It was not quite the whole story to 
say, moreover, that the Commission 
recommended that the Chief Engineer 
of the Public* Works Department 
should undertake the survey. What 
they really said was that the survey 
should be placed under a Public 
Works officer, of the rank of Chief 
Engineer, and tljat it would be neces- 
sary to associate with him an elec- 
trical adviser. It was said that the 
question* of whether the Electrical 
Adviser to the T_kwemment of India 
should peforrn that office ought to be 
considered. The Government of India 
accepted that recommendation, and 
he thought everyone«would agree that 
their Electrical Adviser* carried out 
his duties very well indeed* The 
Commission were quite aware, as 
stated in their report, that up to that 
time, prospecting for water*power had 
not been recognised as one of the 
essential duties of the Public Works 
or any other Department. The data 
which were obtained by a circular in 


1005, and which the author had de- 
scribed in unflattering terms, were cast 
in a mould not unfamiliar to those who 
had attempted to obtain information 
by the agency of other departments 
in no way interested in the results. 
The returns were of the mechanical 
circular kind, compiled from rejxirts 
by not over-intelligent but grossly 
overworked subordinates, who were 
bored — as they always were bored 
— by what they regarded as meaning- 
less curiosity on the part of harmless 
but unpractical scientists. When those 
returns were brought liefore him, he 
put them aside as practically useless. 
Having had previous experience of 
answers of the circular order, he 
turned his attention to other matters, 
of which there seemed to be, at that 
time, quite enough to occupy him 
for the rest of his service as Director 
of the Geological Survey. The insti- 
tution of the Industrial Commission, 
some eleven years later, offered an 
opportunity of reviewing the question 
afresh. The development of electro- 
metallurgical industries during the 
interval, and their vital importance 
for munitions, which was painfully 
evident to them in 1917, altered the 
whole question. It became obvious 
from the evidence placed before them 
by witnesses — the author and others — 
that the question of utilising the water 
power of India would soon be forced 
on the attention of those responsible 
for the well-being and safety of the 
country. In the first place, it was 
obvious that the coal deposits were 
being depleted to an extent which 
would give cause for real anxiety, 
especially in regard to the coal suit- 
able for metallurgical operations, in 
the near future — possibly within the 
present generation. The main coal 
deposits of India contained a very 
large percentage of ash, and, conse- 


quently, a correspondingly low calori- 
fic value. # rhey could not be worked 
to a depth comparable to the coal 
deposits of Great Britain. There was 
a depth — comparatively shallow — for 
coal of the kind in question from 
which it cost more to raise the coal 
than the coal would return afterwards 
in saleable power. In the second 
place, the exploitation of oil was pro- 
ceeding at a rate well in excess of the 
increase in reserves by the discovery 
of new fields. Ordinary economic de- 
mands, therefore, would make the 
mineral fuel question in India a 
matter of serious concern even with 
the development only of those activi- 
ties which required fuel as a motive 
force — for the mills, factories and 
transport services. If anything ap- 
preciable took place in the develop- 
ment of metallurgical industries, a 
fuel crisis would be brought consider- 
ably nearer. In the third place, 
hydro-electric power was wanted, not 
only to mitigate the demand for 
mineral fuel ; there were some in- 
dustries of vital military necessity 
which could be undertaken only, or 
most suitably, with electric power at 
a relatively low cost. Unless such 
industries were taken up soon, the 
Indian patriotic leaders would dis- 
cover that neither the reformed 
Councils nor the spinning wheel were 
of any defensive value. There was 
another consideration before the Com- 
mission. Imitation, or, more cor- 
rectly speaking, caricature of Euro- 
pean Labour movements threatened 
the life of the coal industry in India 
more seriously than the mechanical 
difficulties of mining. That would be 
effective in diminishing results by 
alarming capital which woqjd other- 
wise be laid out on low grade and 
new propositions, because of the 
menace whiclf they afforded. There 
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were min y coil deposits which might 
not be developed at all on that 
account. Hydro-electric power had 
the great advantage of reducing the 
labour menace appreciably. A strik- 
ing illustration of that appeared in 
the papers that warning in a report 
of the speech of the Chairman of the 
English, Scottish and Australian 
Bank. Mr. Andrew Williamson, 
chairman of the Bank, in reviewing 
the industries of Australia, pointed 
out that, but for the wisdom of the# 
(Tasmanian Government in utilising 
their abundant natural watfcr power, 
zinc smelting would have become a* 
unremunerative as that of other 
metals, but, by the adoption of a new 
hydro-electric process for zinc, the 
principal company in Tasmania had 
been able to carry on with only a 
fraction of the men required to run 
an ordinary zinc plant. The other 
metallurgical industries of Australia 
were rapidly succumbing to the de- 
mands of labour. The question of 
labour, therefore, was before the 
Commission, and helped them to 
realise the necessity of developing 
hydro-electric power. Then came 
the question of agriculture. Agri- 
culture was, at the present time, and 
must always be, the most important 
industry in India. The importance of 
agriculture was the justification of the 
irrigation branch of the Public Works 
Department. The conflict between 
water-power as a fuel and water as a 
fertiliser was, therefore, brought into 
prominence, and in that connection 
technologists, such as the author, 
came into conflict with the irrigation 
officers. It seemed to him natural 
that irrigation officers should regard 
with some suspicion any innovation 
which might disturb the regularity of 
their operations for storage and dis- 
tribution. The rules, regulations and 
controlling formulae used by irriga- 
tion officers had been established by 
long experience, and the average 
irrigation officer hated with sus- 
picious fear — he might almost say 
superstitious fear — anything that 
might conceivably disturb his deli- 
cately balanced equation of costs 
and revenue. Generally, the irriga- 
tion officer dealt with large bodies of 
water carried over wide areas with 
regard to which very slight differ- 
ences of level might painfully demon- 
strate that his equation was what the 
chemists called a reversible reaction. 
The sums involved in an irrigation 
project* were so large that no One 
individual would undertake the re- 
sponsibility for an innovation of the 
kind in question. The population 


depending on the accuracy of an 
irrigation officer's work was not only 
great, but, like the body of water 
itself, in a state of unstable equilib- 
rium. sympathised, therefore, 

with the tendency of irrigation officers 
to conservatism. He sympathised 
with them when they came into con-* 
flict with the enthusiasm of the , 
electrical expect. It must be re- 
membered that if the British, during 
the process of abdicating their trust — 
which was th£ way in which many 
people read the modern changes which 
were taking place — left nothing be- 
hind them in India but their irrigation 
works, they would have conferred 
a lasting benefit on the people of that 
country. In discussing the terms of 
their report, and in making the pro- 
posal to associate a chief engineer of 
the Public Works Department with 
experience of irrigation with the 
Electrical Adviser, the Commission 
had considerations of that sort before 
them. The proposal to put a Public 
Works officer in charge of the Hydro- 
Electric Survey might not satisfy the 
electrical enthusiast, but the Com- 
mission had to pay regard to things 
as they were, and frame their pro- 
posals with the knowledge that con- 
sideration of irrigation requirements 
must take precedence of mechanical 
power. It not only would take pre- 
cedence, but in a country like India 
it ought to do so. Personally, he 
would rather see no manufacturing 
industries in India at all than reduce 
the agricultural efficiency of the coun- 
try. There was room, however, for 
both, and even opportunity for cheap 
power to assist agriculture itself. He 
did not propose to take up the time 
of the meeting by reviewing the facts 
described in Chapter 5 of the Report 
of the Industrial Commissiou, where 
figures were given to show the amount 
of power of the “ living machine ** at 
present being utilised for the agri- 
cultural operations of India. It was 
estimated that cattle power alone 
accounted for something like five 
million horse-power, and there was 
also the enormous amount of manual 
labour performed by the ryot him- 
self. There was any amount of room 
for the introduction of cheap power 
for the benefit of agriculture ; in 
some cases by its direct application, 
where circumstances permitted^ and 
in other cases by the replacing of fuel, 
and especially oil, which was used in 
numbers of small <d! engines for well 
irrigation. It was possible, therefore, 
by a proper blending of those two 
authorities — the Electrical Adviser 
and the irrigation officer — to discover 


some form of action that might be for 
the general. and safe benefit ^of India 
as a whole Thj author had stated 
that the hydro-electrical questions 
had, under the Reform Scheme, be* 
come a transferred provincial sub- 
ject, instead of a central reserved one, 
hnd had suggested that that decision 
, was more of a Alike than a result#of 
careful consideration. He* would like 
to point out, however, that the Com- 
* mission regarded the proposal for a 
hydro-electric survey as a central 
subject for the care of the Govern- 
ment of India itself. They proposed 
that it should be placed under a 
Publip Works officer, and they wished, 
as he had said, to associate with him 
the Electrical Adviser to the Govern- 
ment of India. The financial esti- 
mates were matle on the assumption 
that there would be one chief engineer 
for the whole business, and not separ- 
ate chief engineers for the hydro- 
electric survey in the separate prov- 
inces. The Commission thought they 
had very good reasons for that pro- 
posal. One of those reasons had not 
been mentioned by the author, but 
he thought Mr. Meares would agree 
with it ; it was the necessity, in a 
survey of the kind in question, of 
organising the collection of data 
spread over many years, data not 
only with regard to the flow of estab- 
lished streams, but with regard to 
variations in rainfall r that manifested 
themselves only after many years of 
survey. In the case of Canada and 
the United States, where water opera- 
tions were under the control of special 
departments, it was laid down that a 
number of uniformly taken approxi- 
mate estimates of flow, spread over 
many years, were to be regarded as 
far more valuable than very precise 
determinations taken over a short 
period ouly. That was one of the 
considerations they had in view in 
proposing that the subject of the 
hydro-electric survey should be a 
reserved and central subject*. The 
report of the Commission was written 
before the Mon tagu-Chelnif ford Re- 
port was issued. The Commission 
were unaware of the proposals of that 
report, which, moreover, left the dis- 
tribution of subjects to be determined 
by a special committee sent out at the 
instance of r Parliament. The classifi- 
cation into central gnd provincial, 
transferred and reserved subjects was 
made by that Committee. There was, 
however, r something to be said for 
both sides. There were advantages in 
central control for the Hydro-Electric 
Survey, as the Commission had found, 
just as there were advantages in the 
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•case of the Geological Survey, but, on 
the othef hand* the machinery to be 
•employed was provitirial, and it might 
be held that provincial officers of the 
Public Works Department were most 
•capable of doing the work, and most 
conveniently providld with the neces- # 
sary staff and equipment. It was also/ 
from a political point of view, desir- 
able, possibly, that each province 
should be responsible fpr carrying out , 
its own hydro-electric survey. He 
did not propose to pursue the point 
further, because it was far removed 
from the main points of the v&y 
interesting paper the autbdr had pre- 
sented. • 

Dr. J. # F. Crowley, M.I.E.E., said 
it ought to be very clearly recognised 
that the hydro-elect #ic survey was 
only one of the many things which 
India owed to the foresight of Sir 
Thomas Holland. It was, of course, 
very much to be regretted that in the 
opinion of the author of the paper the 
work of the survey had ended for the 
time being. With regard to the re- 
sults of the survey, the author seemed 
to be satisfied that from 7,000,000 to 
8,000,000 h.p. was available. If that 
was taken at a load factor of 33J per 
cent., which was a usual industrial 
load factor, little short of 26,000,000 
h.p. would be found to be available 
for ordinary industrial purposes. The 
h.p. at present An use in the United 
Kingdom for all industrial purposes 
was only 13,000,000 ; that in use over 
the Continent of Europe, excluding 
England, 24,000,000. That gave 
some idea of the high vahje to be 
attached to the water-power resources 
of India. There were, however, many 
difficulties in its employment. In the 
case of the Tata Scheme, the whole of 
the water to be used throughout the 
year had to be stored during a mon- 
:soon lasting only three or four months. 
Again, some of the sites were very 
remote from industrial centres ; those 
•on the? Himalayas, to which reference 
.had been made, were many hundreds 
of miles from th^ important industrial 
centres in the south. Developments 
had taken place, however, during 
xecent years in electro-chemical work 
and electrical work also, which made 
the development of ptower sites of the 
•character in question mofe profitable 
to-day than they had been, perhaps, 
Tor many years. Schemes had beet 
worked out whiduwould enable inter- 
mittent power to be used to»an extent 
hitherto undreamed of. One might 
safely say that the recent develop- 
ments in connection with nitrogen 
went further towards solving the 


intermittent power problem than any- 
thing which had been done previously. 
There was a further development 
which made the employment of water- 
power more profitable to-ddy than in 
years past. Long distance electrical 
transmission had been developed enor- 4 
mously of late. When the Tata hydro- 
electric scheme was projected, 100,000 
volts was regarded ip a remarkably 
high voltage, as, indeed, it was at that 
time. There were schemes under con- 
sideration to-day, however, which in- 
volved power transmission at 220,000 
volts over distances of 250 miles and 
over, and such schemes were perfectly 
practical propositions provided the 
cost of power justified the cost of the 
transmission lines. As a result of the 
war, and owing to the work of the 
Water Resources Committee, British 
manufacturers had shown commend- 
able enterprise of late in regard to 
hydro-electric matters. It was no 
longer necessary to-day to go outside 
the Empire for material for the pipe 
lines, hydraulic and electrical ma- 
chinery, and so on ; the whole of the 
work could be done by big British 
corporations, which had laid them- 
selves out for the purpose, and their 
work compared favourably with 
that done on the Continent and in 
America. It was painful for a 
British engineer visiting India to 
find so many schemes with plant 
which did not come from the home 
country, and it was pleasant to 
know that that condition of things 
need no longer apply. He would 
like, in conclusion, to add his 
tribute to the many given to the 
work of the Public Works Depart- 
ment of India. One of the reasons 
why he was strongly in favour of an 
Imperial Conference being held was 
that the work of the Public Works 
Departments in Egypt and India 
could thus be made available for 
home engineers, and vice versa . If, 
as a result of the paper some effort 
could be made to continue the 
hydro-electric survey of India, it 
would be a very good thing. He 
spoke as one to whom the first, 
second and triennial reports had 
proved of considerable value, and 
he, in common with many others, 
would like to see the survey 
carried to a reasonable comple- 
tion. 

Dr. J. A. Harker, O.B.E., F.R.S., 
said that during the last year a 
great advance had been made with 
a new nitrogen fixtion process, 
which seemed to be of very con- 
siderable importance for remote 


water-power schemes* in a pre- 
dominately agricultural country, . 
where a local supply of cheap fer- 
tilisers was important. The chief 
difference between the new process 
to which he referred and those 
formerly employed was, that in the 
new method cheap water-power 
was practically the only sine qua 
non. No raw materials other thafi 
water and air and hydro-electric 
power were required for manufac- 
ture of the initial product, which 
was liquid ammonia. It appeared 
praetieafly certain from the costs 
6f working already attained, that 
ammonia cou^d be produced by the 
new method at a price very much 
lower than by any other process 
hitherto employed. 

The Chfirman said that with 
reference to Dr. Harker's remarks, 
one had to be extremely careful 
about urging the development of 
nitrogen fertilisers in India. In 
Behar, at any rate, near the tropical 
line, nitrifying bacteria produced 
nitrate of potash in the soil to such 
an extent that it was exported to 
an extent of nearly 20,000 tons a 
year. One should not go out of 
one's way, therefore, to manufac- 
ture an article which nature already 
provided in excess. 

Mr. Frank Noyce, I.C.S. (Indian 
Trade Commissioner), in moving a 
cordial vote of thanks to the author, 
said the fact that local Councils did 
not vote funds for the continuance 
of the survey ought not to be put 
down to any desire on their part not 
to disturb “ the placid, pathetic 
contentment " of the masses of 
India. There were two reasons 
why they had not shown them- 
selves more favourable towards the 
survey. The first and most import- 
ant was that they had not got the 
money ; anyone who read the 
Indian papers knew that the Pro- 
vincial Governments were at their 
wits' end to know how to raise 
funds. The second reason was 
ignorance. The Ministers and new 
Councils needed education on the 
possible results of hydro-electric 
installations. Whether the new 
Ministers were worse than the old 
Members in that respect, the duthor 
could probably judge better than 
himself. At any rate, there had 
been one Member who possessed 
far more knowledge of the possi- 
bilities of such work than the 
others, and the meeting was for- 
tunate in having him in the chair 
that day. * 
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Power Plant at a Telephone 'Factory 

This article is reproduced from “'The Power Engineer" (late “ 1 he 
Power User"), by kind permission of the Editor , to \ whom we are ^ 
also indebted f*r 'the loan t)f all blocks used to illustrate the article. 


T HE exigencies of war-time 
expansion created a position 
in connection with the power 
plant of the Sterling Tele-, 
• phone and Electric Com- 

pany Limited at Dagenham which 
was far from satisfactory, and necess% 
tated drastic changes when still 
further demands were iflade for power. 
From quite small beginnings the plant 
had grown, until, within the space 
originally allocated for an output of 
70 h.p., plant capable tfe generating 
about ten times that figure had been 
crowded. It was ultimately decided 
to erect an entirely new engine house 
and to rearrange the complete plant 
upon modern lines, and within tin: 
last few months this change-over has 
been completed. The results that 
have been achieved reflect great credit 
upon Mr. W. A. Tookey, M.I.Mech.Iv., 
the General Consulting Engineer for 
the scheme, and Mr. A. Hugh Bourne, 
M.I.K.K., who was responsible for the 
electrical side. Mr. J. O. W. Hurd, 
the Power House Superintendent of 
the company, gave general super- 
vision and arranged the details of 
removal from the old to the new 
building. To all of these gentlemen 
we are indebted for assistance in the 
preparation of the following article, 
ana also to Mr. Guy Burney, the 
Managing Director of the company, 
and to Mr. Max R. Lawrence, 
M.I.Mech.E., M.I.A.E., the Works 
Manager, for permission to visit and 
photograph the works, and for facili- 
ties afforded us in this connection. 


Mr. A. Newb>' Equipment Manager, 
piloted us routm the works and gave 
us much useful information. 

In passing,* it may be mentioned 
that Mr. Lawrence has only recently 
been appointed to his present position ; 
he is the President of the Institution 
of Production Engineers, and has been 
commissioned to increase the output 
of the Dagenham factory very mater- 
ially, for which work he is eminently 
tilted by virtue of extensive ex]x-rience 
in mechanical engineering and in the 
automobile industry. 

The main power plant has been 
erected in a self-contained building, 
170 ft. in length and 30 ft. in width, 
and is run on the lines of a modern 
central station. It is of the suction- 
pressure producer-gas type, generating 
electrical energy at 220 volts direct 
current, which is transmitted by 
underground cables to the various 
distributing centres in the shops. 
Much of the plant has been re-erected 
after having seen considerable use in 
the old power station, but the ex- 
tensions are of the same type as the 
old plant. 

The fuel used is anthracite nuts of 
1J to 1} in. in size. This is handled 
at present by the company’s own 
lorries from the neighbouring railway 
stations, but plans have been formu- 
lated for the laying of a special track 
to enable the coal trucks to be tipped 
direct to the storage bunkers. An 
overhead runway with an electrical 
hoist and 10-cwt. skip serves the 
bunkers and producer house ; the 


hoist was supplied by Vt. Robinson, 
of Sheffield. Seven producer sets are 
arranged in file producer house in 
“ herring bone ” fashion, and are all 
of Crossley's open-hearth type. Four 
ofc them have been re-erected from 
their old site, and three of the larger 
type are new sets. The two pro- 
ducers most remote from the engines 
are rated at 18fl h.p., and.the other 
live are 250 h.p. units. As may be 
noted upon reference to Fig. 5, some 
of the sets have twin scrubbers, and 
others are furnished *with but the 
usual one. The twin sets are those 
that were in use at the old power 
house, and were thus equipped on 
account of restricted head room, a 
disadvantage that no longer obtains 
in the new building. In every case 
the vaporisers are independent from 
the producers, as is Crossley's stand- 
ard practice ; they work upon the 
sensible heat of the gas passing from 
the producer, and incidentally furnish 
vapour that is to some extent super- 
heated. The gas from the scrubbers 
of each set passes iftto a large over- 
head gas main which is tapered from 
24 in. to 18 in. in diameter. Easily 
accessible valves are provided so that 
each individual producer set can be 
cut in of out of service as required. 
In normal operation the producers 
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work under a vacuum of about 2J in. 
W.G., Mihich is, however^ easily con- 
trollable J>y altering the speed of the 
Keith, Blackman boosting fan, which 
supplies the gas to the engines and to 
the heating furnaces at a pressure of 
7 to 8 in. W.G. Two such gas boost- 
ing fans are provided, driven by in* 
dividual lj-h.p. electric motors, but. 
as each fan is rated at 150, (KK) cub. ft. 
per hour, and can thus easily handle 
the entire output of* the producers* 
only one is normally run, and the 
other is a stand-by. This principle 
of duplication of the more important 
details of the plant has # 4>een main- 
tained*throtighout. , 

From the pressure fans the gas 
passes i»to a final Scrubber or baffle 
chamber, before passing into the main 
gas header that serve? the engines. A 
connection is also provided direct 
from the fans*into duplicate horizontal 
cylindrical wood wool scrubbers, from 
whence the gas is taken to the harden- 
ing and annealing shops. Its use here 
has been attended with very con- 
siderable success, and has resulted 
in valuable economy. Separate fans 
aro provided near the points of use in 
the hardening and annealing shops, 
so that each shop can be served with 
gas at a pressure variable at the will 
of the shop foreman, while in the 
event of a breakdown of the main 
’pressure fan in the producer house 
the furnaces wifi still be supplied with 
sufficient gas to keep them alight until 
the stand-by pressure fan is brought 
into action. As a matter of interest 
it may be mentioned also that in the 
event of a shut-down of ohe or both 
of the main pressure fans the gas 
engine plant will continue running, 
drawing the gaf through the fans in 
much the same way that an ordinary 
suction-gas plant operates. 

Other plant in the producer house 
includes small motor-driven pumps 
in duplicate, delivering water to the 
scrubbers. For, the vaporisers soft- 
ened Vater is used after treatment in 
a Permutit outfit rated at 500 gallons 
per hour. Foj: the scrubbers the 
water is circulated to and from a 
filter pond adjoining the building. 
The tanks, each of 500 gallon capacity, 
seen in the elevation, Fig. 5, are used 
in these connections* that nearest the 
engine room being for* the treated 
water and the other two for the 
scrubbers. Town water is connected 
to these tanks se that the stoppage 
of a circulating pump will automatic- 
ally bring the reserve into operation. 

The main gas supply to the engines 
is through a 15-in. header running 
almost the length of the engine room. 


fi*. s 

The generating units that have been 
re-erected comprise one 80-kw. set 
running at 450 r.p.m., and three 
100-kw. sets running at 430 r.p.m. 
In addition two new 150-kw. sets, 
running at 375 r.p.m., have been 
installed, so that the plant available 
at present aggregates 680 kw. All 
of the six sets are of the same type, 
being four-cylinder engines by Browett 
Lindley & Co. Limited, direct 
coupled to Phoenix dynamos. In 
the case of the last two sets, of 
course, the dynamos are of the 
English Electric Company’s make, 
as this firm has absorbed the rheenix 
Company. The controls of the gas 
engines are admirably centralised, 
so that the driver can adjust his 
mixture, ignition and other functions, 
without moving his position. The 
exhaust from each engine is taken to 
a silencer outside the building, which, 
however, is at a higher level than the 
engine cylinders because it was not 
considered desirable to take up more 
space than possible in the roadway 


along the side of the engine house. 
The air supply for each engine is also 
taken from outside, and a neat ar- 
rangement has been made for ven- 
tilating the crank cases. A pipe is 
affixed to the top of each crank case 
nearest the flywheel, and is so bent 
over the latter that the barring teeth 
in their rotation induce a current of 
air into the crank case. Thence 
another pipe at the other end of the 
engine framing allows the oily air 
to be expelled clear of the engine 
room. Ignition is by Simms' high- 
tension magneto. Battery and coil 
ignition is provided for starting pur- 
poses, and the point of ignition is at 
all times under easy control ; the pro- 
vision of a tachometer to each engine 
enables the operator to know exactly 
how to obtain correct adjustment. 
The engines themselves are of simple 
and robust design, and the fact 
tlfat repeat orders have b^n given 
speaks volumes for their general 
reliability an<j satisfactory perform- 
ance. 
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Compressed air is, of course, used 
for starting, and the bottles, which 
are arranged together in one corner 
of the building (see Fig. 3) are 
pumped up by two small motor- 
driven compressors, respectively by 
Reavell & Co., and by Broom & Wade, 


both driven by 0-h.p. electric motors. 
Four of the starting bottles are charged 
with compressed air at 2501b. per sq. in. 
and the other two larger bottles are 
stand-by at 300 lb. Special quick 
opening valves enable any bottle to 
be charged or discharged at will. 


The circulating water system for 
the engine jackets has been very 
carefully thought out. A Hudson's 
cooling tower is provided, over a 
ferro-concrete tank on top of tht 
battery room, for dealing with this 
water, and in eon^quence the jackets 
* are normally flooded, whether the 
. pumps are working or not. A 0-jn. 
suction pipe is ta*ken froifi the cool- 
ing tower tank down to the engine 
•room, and is divided to serve the 
3-in. suctions of two Worthington 
centrifugal pumps, driven by 3 h.p. 
mqjors. These ‘auxiliaries may be 
seen in Fig. 3, and one unit is amply 
sufficient fol all the prime movers. 
The two discharges are merged into 
one 0-in. pipe which is talqm along 
the pipe trench in front of the prime 
movers. Branches are taken for the 
two largest sets, and after traversing 
the water jackets the pipes are united 
again and proceed direct to the top 
of the cooling tower. The main 6-in. 
delivery is reduced to 4 in. when it 
has passed the two large sets, and 
the pipes for two of the 100-kw. 
engines are united similarly and pro- 
ceed as one to the cooling tower. The 
last two sets are served by a 3-in. 
main delivery, and have an inde- 
pendent delivery to the cooling tower. 
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By this careful grading it has been meters. The battery itself is installed Company Limited. . Its booster io t 
made impossible for unequal dis- in a separate room above the fitters’ charging purposes is^ an Electrical 
tribution of the water to take place, shop, between the producer house Construction Company s machine with 
and a very efficient cooling system and the engine room. It has a a dynamo rated at 160 amperes with 
is the result. It may, in passing, be capacity of 1,000 ampere hours at a volt range up to 100. Normally, of 
pointed out that although the circu- the 10-hour rating, and was supplied course, the battery is kept floating on 
lating pumps work under* ja static by the Chloride Electrical Storage the bars, and it is utilised during 
head roughly equivalent to the height 
of the cooling tower tank above floor 
level, the actual dynamic head re- 
quired of them *s only that due to 
the height of the distributing troughs 
at the top of the tower above the 
tower tank plus the loss through 
pipe friction. Make-up water is pro- 
vided automatically from the town 
main. • 

The electrical side of the station has 
several points oj interest. The ma- 
chines are all designed for 220 volts 
direct current, and are shunt wound. 

Each set has its separate machine 
panel, and both the switchboard and 
the engine room ha^ been laid out 
to accommodate two mofe units. A 
totalising panel is provided between 
the machine panels and the feeder^, 
and recording voltmeters and watt- 
meters are installed. In* addition, 
there are two panels to accommodate 
the battery circuit breakers, regulating 
switches and booster controls, with 
charge and discharge ampere hour 
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be undertaken quickly and efficiently 
as required. The water sppply for 
the plant A obtained from town mains 
and does not exceed more Vhan about 

40.000 gallons per week for make-lip 
purposes. Town’s gas is also avail- 
able from the plains of the Gas 

• • Tight & Coke Company for emer- 
gency use, there being a 4-in. service 
pipe connected with the 80-kw. engine. 
Conditions of running have been 
• exceptionally ^regular since the plant 
was transferred from the old site. A 
consistent run has been impossible, 
iqpstly on account of labour troubles 
and similar disturbances. At the 
time of oifr visit the prime ‘movers 
were* being run only during the day 
time, shutting down at lymch time 
and leaving any night load to be 
taken by the* battery. The units 
generated per week average about 

27.000 with a 20 per cent, load factor, 
but this, of course, will probably be 
improved considerably as the factory 
gets back to more normal conditions 
of working and expands on the lines 
already decided upon. Making allow- 
ance for the gas used by the harden- 
ing and annealing departments,, the 
coal used per unit generated now 
averages about lb., but this, again, 


dinner hours and night time when the 
prime movers are shut down. 

There are ten main feeders, each of 
which is equipped with an overload 
circuit breaker on the positive and a 
fuse on the negative. The cables for 
these are of 0.5 sq. in. section, paper 
insulated and wire armoured, supplied 
by Callenders’ Cable & Construction 
Company, and laid direct in the 
ground. Within the building all 
cables and pipe work, other than 
gas mains, air and exhaust trunks 
and water pipes, are laid in a trench 
running the length of the engine room, 
so that a very neat appearance has 
been attained. The lighting of the 
engine room is by means of four 1 ,000- 
watt gas filled lamps, assisted by local 
lighting at the back of each prime 
mover and a strip of “ Linolite ” 
along the front of the switchboard. 
The switchboard and instruments 
were . supplied by Nalder Bros. & 
Thompson Limited, and the con- 
tractors for the whole of the electrical 
work were Francis Polden & Co. 
Limited. 

The engine room is spanned by a 
3-ton overhead travelling crane by 
Herbert Morris & Co., which en- 
ables all erection and* dismantling to 
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Fig. 2 


is capable of improvement under 
better running conditions. The gas 
supplied for heating purposes amounts 
to about 50,000 cub. ft. per day. 

A very useful and informative 
auxiliary has been added on the 
switchboard gallery in the shape of 
a recording calorimeter by Alex. 
Wright & Co. Limited. This is of 
the Simmance-Abady type, and pro- 


vides a graphic record of the calorific 
value of the gas, which averages about 
120 to 130 B.Th.U. per cubic foot. It 
is a combination of a calorimeter and 
recorder, and thus it is possible to 
take snap tests at any time to verify 
the reading of the recorder. In 
general, the apparatus is of the type 
recommended for the continuous test- 
ing of town’s gas, and it is very inter- 
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esting to note the effect of load and 
other conditions upon the quality of 
the gas supplied from the producers. 

In several instances lately we have 
published analyses of various types 
of gi\ses, and in order to allow com- 
parisons to be made by readers, the 
following average analysis of two 
samples of the gas made by this plant 
will be of interest : — * 

CO 2 6.5 per cent. 

O* 0.6 

CO 20.6 

* H 13.0 

Cll4 * 2.2 

# N 56.8 

These samples had an average gross 

calorific value* of 128.6 B.Th.U. per 
cubic foot and a net calorific value of 
116.6 B.Th.U. 

The application of power in the 
various shops of the factory calls for 
no very special comment. It follows 
on well-tried and standard lines, using 
direct current electric motors in sizes 
ranging from 40 h.p. to J h.p. In 
many cases the motors are mounted 
upon platforms or roof trusses, and 
the first reduction in speed is effected 
by Coventry chains. The very com- 
plete equipment of grinding and 
buffing wheels is group driven, and 
social arrangements in the form of 
suction fans have been made to take 
away the dust produced ; this is 
separated in cyclones and does not 
pollute the atmosphere. 


Reheating Compressed Air 


The Engineering Experiment vSta- 
tion of the University of Illinois has 
just issued a very interesting bulletin 
on the results of investigations carried 
out b> them intrt the question of re- 
heating compressed air before use. 
As is wgll known, in spite of the 
enormous amouftt of heat generated 
during the compression of air, .neces- 
sitating the use of intercooling plant 
• to obtain any reasonable efficiency in 
the compressor, the*lieat in the air 
when discharged from th<* compressor 
is quickly lost e by radiation frqm the 
air receivers and pipe lines, so that in 
many cases, esi>ecially in mining, 
when the air actually reaches the 
source of operation, it is very little 
highef in temperature than the sur- 
rounding atmosphere. Consequently 
after expansion in the pneumatic tool 


or other air-driven motor, the re- 
duction in temperature is so great 
that serious difficulties frequently 
arise from the freezing of the moisture 
in the air, and the actual accumula- 
tion of ice in the exhaust pipes, in 
addition to other troubles in the way 
of cylinder lubrication and loss in 
mechanical efficiency. These diffi- 
culties can be overcome by reheating 
the air just before use in the motor, 
so that the temperature of the air after 
final discharge will remain well above 
the freezing point of water, and it may 
be noted also that this reheating process 
affords a method of greatly increasing 
the output of power per lb. of air with 
the expenditure of a very small amount 
of additional heat. 

The results obtained by the Uni- 
versity of Illinois show that with the 


use of a small external combustion 
reheater, 16.7 ]>er cent, to 61.5 per 
cent, of the heat supplied to this 
heater passes into the air, whilst with 
an internal combustion appliance the 
efficiency is much greater, 69.4 per 
cent, to 83.0 per cent. Most of these 
reheaters employed use petrol as a 
fuel, and a convenient size is able 
to heat 250 cubic feet of cold free 
air j>er minute to 400 deg. F., the 
efficiency being about 60 per cent. 
Exhaust steam or other source of 
heat may also be used as a heating 
medium when available in sufficient 
quantity. The practical advantages 
of reheating in this way are found to 
be f very great in the way of better 
mechanical efficiency and Unproved 
lubrication in addition to elimination 
of the ice troubles. 
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Twenty Years of Diesel Engine' Building* 


In tHis interesting record , Engineer -Lieut. -Commander L. J. 
Le Mesurier reviews the* progress made during thq past twenty 
years in the design of the Sulzer type Diesel oil engine. 

{Illustrations by courtesy of Messrs. Sulzer Bros.) 


S ULZER BROS, first acquired 
the Diesel patents in 1893, 
but it was not urtfcil about 
1903 that manufacture wa| 
undertaken on an important 
scale. The first engine were of the 
four-stroke cycle type, with the well- 
known A design of column. The two- 
stage air compressor was operated by 
a lever from the connecting -rod, and 
compressor intercoolers were intro- 
duced at an early date. The torsion 
spindle type of fuel valve was used. 
Between 1903 and 1907 approximately 
seventy engines of this type were 
built, ranging in power from single- 
cylinder engines of 25 brake horse- 
power up to three-cylinder engines of 
750 brake horse-power. Even at this 


period fuel consumptions of the order 
of 0.416 lb. to 0.417 lb. per brake 
horse-power were attained, with a 
mechanical efficiency of from 75 to 
77 per cent. Early in 1904 a marine 
installation was built, comprising a 
50 brake horse-power engine and a 
magnetic clutch. The arrangement, 
though expensive and somewhat com- 
plicated, worked well and aroused 
interest in the application of the 
Diesel engine to the wider field of 
marine engineering. During this period 
experiments were continually made 
with the object of evolving a two- 
cycle type of engine which would be 
lighter in weight and simpler from 
the point of view of the reversible 
marine engine. The first engine of 


this type was constructed in 1905. 
It was a four-cylinder engine of the 
high-speed enclosed type, develop- 
ing 100 brake horse-power at 400 
revolutions per minute. 'ValVe scav- 
enging was employed, and in the 
later forms of dfcsign the scavenging 
pumps and air compressors were 
driven by a separate crank. As in 
the case of the modern engines, fche 
thrust block was incorporated in the 
bed-plate. 

The three years following 1907 
were noted for the development in 
large two-stroke cycle stationary en- 
gines for electric generating stations. 
Valve scavenging continued to -be 
employed, four valves per cylinder 
being used. The main design of the 



♦Some notes taken from a Paper read before the Institution of Engineers and 
• Shipbuilders in Scotlaud by Engineer- Lieut. -Commander L J. Le Mesurier. 
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columns remain jd unaltered, but the 
cylinder cover was complicated by 
the addition of the four scavenging 
valves. Load on the gudgeon pin 
calculated on a maximum pressure of 
500 lb. per square inch with a pin of 
170 mm. diameter, with *a total 
length of 260 mm., worked out at 
2,200 lb. per square inch on the pro- 
jected area. !JjTo difficulties have 
been experienced with these bear- 
ings, although the loading would be 
considered extremely high in steam 
engine practice. In general, the fuel 
consumption of these engines was 
considerably higher than that of 
similar four-stroke engines, largely 
owing to the high scavenging presures 
— 5 lb. tb 6 lb,* per square inch-- 
which were used. Although ft this 
time the results did not justify a 
strong policy in favour of the two- 
stroke cycle engine, the possibility 
and direction of imf>rovjments was 
clearly indicated. 

A new design with port scavenging 
eventually led to the permanent adop- 
tion of a modified form of port 
scavenging patented in 19\0, which 
is now recognised as the outstanding 
distinctive feature of the Sulzer type 
of engine. The Monte - Penedo, 


equipped with twin four - cylinder 
engines of this type, was put into 
service late in 1912. This vessel, now 
known as the Sahara , has had a 
chequered career. Up to the August, 
1914, she had run 65,000 miles, the 
only important defect arising from 
piston heat cracks. The original de- 
sign of piston has been replaced, and 
no further trouble has been experi- 
enced from this cause. The Sahara 
was interned during the war in 
Brazil, and was laid up at Messina 
from 1920 to 1922 owing to legal 
charter difficulties. The vessel did 
a further 50,000 miles from the end 
of the war until the end of 1920. A 
crank shaft has been replaced, the 
original design was, it is to be noted, 
20 per cent, weaker than Lloyd's 
standard. The ship is again in 
Brazilian service. 

In order to arrive at a definite idea 
as to the limits of output obtainable 
in a •single cylinder, early in 1914 an 
experimental engine was built with a 
cylinder of 1,000 mm. bore by 1,100 
mm. stroke. Exhaustive experiments 
on scavenging with upper and lower 
ports were carried out, the trials of 
this engine being supervised by Dr. 
H. Stodola. The cylinder head rests 


on four columns of forged steel, and 
the cylinder is suspended from the 
head in such a way as to be capable 
of expanding freely downwards. 
Heavy cast-iron columns secure trans- 
verse rigidity and carry the four 
slipper guides of the symm etrica l 
crosshead. All working loads are 
taken by the steel columns, thus re- 
lieving the cast-iron framing from 
tensional stresses. Considering that 
the total working pressure on a 
piston of these dimensions amounts 
to over 300 tons, the problem of de- 
signing both framework and running 
parts, particularly the gudgeon pin 
bearings, was a formidable one. The 
records of the trials .made with 
upper row of scavenging ports blanked 
off and the lower ports only used for 
scavenging air showed that there was 
a considerable loss in output and 
efficiency when scavenging takes place 
through the lower ports only, and 
confirmed many other similar ex- 
periments with smaller engines as to 
the advantages of having an upper 
row of scavenging ports controlled 
by- a valve. The most important 
effect of these tests was, however, to 
inspire confidence in the possibility 
of dealing with the heat stresses and 
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designing satisfactory mechanical ar- 
rangements ox engines of any power 
that might reasonably be # required 
either for marine or stationary installa- 
tions. 

At the beginning of Wifi two ftirge 
marine four-cylinder engines of 1,600 
brake horse-power, along with auxil- 
iaries, were tested by Dr. Stodola. 
%lic war prevented these engines from 
being installed in their ship, but the 
test bed results show that even ten * 
years ago there was no difficulty in * 


- and working of such engines will well 
■ repay the marine engineer. 

The motor passenger liner of 13,000 
brake-power now under construction 
at the Fairfield yards represents a 
notable advance in the progress of 
the motor ship. Being a four-shaft 
jhip, the eygine s themselves are of, 
comparatively moderate power, and 
all the essential problems have long • 
since been dealt with and solved 
satisfactorily. It is perhaps interest- # 
ing to speculate upon the maximum 


dealing with the essential problems* P™er I** unit that may be obtained 

* • i ..... i • i i . • u/ithruii i'.it'itur mislur-* risitv: nr 


of a marine Diesel engine developing 
on overload 500 brake horse-power, 
or 750 indicated horse-power per 
cylinder. The dimensions of these 
engines were as follows .- Four cylin- 
ders, each (180 nun. bore by 0(10 nun. 
stroke, designed to develop 1,000 
brake horse-power at a sf>ecd of 110 
revolutions per minute. The fuel 
consumption of 0.479 lb. per brake 
horse-power hour with a scavenge air 
pressure of 3.1 lb. per square inch is 
higher than with present-day engines, 
owing chiefly to the improved scaveng- 
ing. The engines for the Camranh 
have the same diameter of cylinders, 
but with scavenging blowers, and 
the test results last * year gave a 
figure of 0.411 lb. per brake horse 
power for the fuel consumption with 
a scavenging air pressure of 1.51b. 
per square inch. 

Although engines of the four-stroke 
cycle type continued to be built in 
sizes up to 1,000 brake horse-power, 
all engines above this power were 
exclusively of the two-stroke cycle 
type, and considerable progress was 
made in standardisation of details 
and a reduction in the cost of manu- 
facture. The experience gained in 
the construction of large power units 
of this type up to 1915 may be 
gauged by the fact that up to this 
date twenty-four engines, represent- 
ing a total of 27,400 brake horse- 
power, were supplied. These were 
three and four-cylinder engines in 
units from 750 to 2,000 brake horse- 
power. 

A six-cylinder unit developing 4,000 
brake horse-power was built in 1915. 
The cylinder dimensions were 700 
mm. bore by 1,020 inm. stroke, and 
the pgwer was developed at a speed 
of 132 revolutions per minute. Some 
progress was made with the auto- 
matic control of the injection air to 
meet variations in the electrical load, 
a special governing device being em- 
ployed. • Although many of th?se 
large engines were employed in gener- 
ating stations, a study of the design 


without taking either undue risks or 
departing from the general design of 
single-acting two-cycle Sulzer engines 
already described. As the machinery 
installations of all merchant vessels, 
with the exception of fast passenger 
liners, will certainly fall within this 
maximum, it is proposed to examine 
a project for a naval vessel having 
four shafts and developing 40,000 
brake horse-power with eight-cylinder 
engines running at 170 revolutions per 
minute. The proposed machinery 
would t>e as follows : — 


[ auxiliary engines, turbo-blowers and 
pumps with their motors, air reser- 
voirs, compressors, silencers, etc., 
amounts to abopt 2,750 tons. The 
weight is thus 150 lb. per brake horse- 
power, which compares with about 
70 lb. per brake horse-power for sub- 
marines, and 290 fb. per brake horse- 
power for ordinary cargo vessels fitted 
* with Sulzer two-cycle main and auxil- 
iary engines. 

file second 9 table shows a com- 
parison with the proposed design 
embodying the following engines : — 

(1) Stationary*engine of 4,000 brake 
hotse-power with six cylinders, com- 
pleted in 1015, having direct t -driven , 
scavenging pumps. With separate 
electrically-driven scavenging blowers 
the power would be 4,500 br£ke horse- 
power when working with the same 
indicated mean pressure, and for pur- 
poses of comparison tl^is power has 
been assumed. 

(2) Submarine engine of 3,500 brake 
horse-power having eight cylinders, 
with separate electrically-driven scav- 
enging blowers. This engine de- 


i 

i 

Main 

engines. 

Auxiliary 

engines. 

Number of engines 

4 

4 

Number of cylinders per engine 

8 

4 

Diumcter of cylinder, miy 

850 

470 

Stroke of cylinder, mm . 

L100 

000 

brake horse-power per engine 

hfooo 

1,000 

Indicated horse power per engine i 

12,000 

1,430 

Revolutions per minute 

170 

240 

Piston speed in feet per minute 

1.230 

945 

Indicated mean pressure, pounds per square inch 

94.6 

92 


The turbo-blowers and cooling water 
pumps are electrically driven, and 
absorb per main engine approximately 
700 brake horse-power, supplied by 
the auxiliary engines. 

The total weight of the main and 


veloped 3,745 brake horse-power while 
on trial in 1920. # 

(3) Standard marine engine of 2,000 
brake horse-power, having four cylin- 
ders and separate electrically-driven 
scavenging blower. 


Type. 

Sta- 

tionary. 

Sub- 

marine. 

Cargo 

vessel. 

Pro- 
posed 
* engine. 

Weight of one main engine in tons 

Weight of one corresponding auxiliary 

344 * 

74.5 

204 

525 

engine without dynamo... 

— 

16 

17 

67 

Brake horse-power (total) 

4,500 

3,500 . 

2,000 

10,000 

Brake horse-power per cylinder 

750 

435 

500 

1,250 

Revolutions per minute 

132 

3m) 

100 

170 

Cylinder diameter, mm * ... 

760 • 

540 j 

6*¥> 

850 

Cylinder diameter, inches 

*10.4 

21.3 1 

26.8 

33.5 

Cylinder stroke, mm 

1,020 

. 570 j 

1,200 

1,100 

Cylinder stroke, inches 

Piston speed, feet pc^miiuute 

40 

22.4 ! 

• 46.5 

43.4 

885 

1.120 

790 

1,230 

Indicated mean pressure in lb. per sq. in. 
Weight of engine in tons per cubic foot of 

94 

100 ! 

93 

945 

stroke volume 

3.42 

2.02 

3.30 | 

2.98 
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Mode rn Gas Producers 


The following is a brief Review of some recent 
developments in the design a fid construction of 
Gas m Producers, and deals particularly with a 
new design embodying new features which have 
been evolved after considerable practical experience. 


jL PART from the develop- 
ment of tiie small suctjpn 

ZJa gas plant to ^use waste 
JL JL vegetable matter such as 
wood in the form of Either 
logs, shavings, sav^-dust, etc., and 
also suen materials as nut-shells, 
bark and like matte*, the develop- 
ment of the gas producer cannot 
claim to have* made any considerable 
advancement during recent years, 
and the original principles embodied 
in the early producers are still 
retained to the present day. 

At the present time, however, 
certain radical changes in design 
are contemplated, and a very consid- 
erable amount of experimental work 
on a large scale has already been 
carried out, with the fundamental 
idea of course, of making the gas 
producer a more efficient commercial 
unit. 

The most radical departure from 
orthodox practice is the producer 
which has been styled the R.G., and 
this new design has been evolved by 
Mr.T. Rolland Wollaston, M.I.Mech.E. , 
by whom a number of important 
patents have been secured. Mr. 
Wollaston has very kindly supplied 
us with particulars of the work 
which has so Air been caried out 
on one of these producers, working 


at Fishwick Dye Works in Lancashire, 
and w'e cannot do better than repro- 
duce the greater part of this matter 
in Mr. Wollaston's own words. 

For the information of our readers 
we had better record that Mr. Wollas- 
ton lias had a very considerable 
experience in England with the pract- 
ical working of the Mond type of 
gas producer, and his present design 
is very largely the result of his experi- 
ence gained in the actual practical 
working of the Mond type, and he 
has also been fortunate in securing 
the services for his experimental 
work of Mr. Charles R. Windiatc, 
under whose charge Mr. Dowson's 
classic experiments, and later Mr. 
Quintin Moore's were carried out. 

These facts combined with the 
obvious conservative attitude ad- 
opted in Mr. Wollaston's report, we 



% think, make it very clear that hi^ 
design will open up, and give a new 
Jease of life to the gas producer for 
using ordinary bituminous coal 

It is a well-known fact that one of 
the principal reasons why the Mond 
type of producer is not more efficient, 
is because of the very large amount 
of steam which has to be passed 
through the fuel bed in order to 
keep the temperature sufficiently low 
to prevent the destruction of the 
ammonia. It will be seen that in 
the R.G. producer this difficulty is 
overcome in a scientific manner, in 
fact from the report it will be seen 
that in the experimental plant this 
particular point was actually overdone. 
Another feature which should be 
specially noted in this design is the 
combined gas outlet and retort, which 
is probably the principal feature in 
this new producer, enabling almost 
any class of bituminous coal to be 
utilised satisfactorily. 

We will now re-produce Mr. Wollas- 
ton's own description of the R.G. 
plant, which describes quite clearly 
its construction and the work so far 
which has been done on experimental 
plant. 

" The R.G. gas plant is devised 
under four British and three Ameri- 
can patents with a view to eliminating 




558 


I N P U S T R I A L 


I N D l A 



Bituminous Suctlon’Plunt 
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so far as possible all the faults of the 
older systems. It lias proved cap- 
able of giving results exceeding all 
original expectations. • 

" It may perhaps be described 
most readily with the aid of a diagram 
which represents to scale the demon- 
stration plant built. This plant is 
at work at Preston. It is not equipped 
with apparatus for the recovery of 
ammonia nor tar products, but it 
is practicable to test the gas for 
potential results iti these respects. 
The gas made is, as a matter of fact, 
consumed in boilers which provide 
steam for the adjoining Dye Works. 
(Sec Pig. 1.) 

i “)A is a mechanically fed (con 
trollable speed) coal hopper. 

" B is the combined gas outlet 
passage and retort (British patent 
11385(1 and a later application). 


“ In this the fuel, main- 
tained open and in constant 
movement, has direct contact 
with the hot outgoing pro- 
ducer gas during a consider- 
able period of time. The fuel 
travels downwards from shelf 
to shelf under control of 
slowly moving spiral rakes 
and is finally dropped sym- 
metrically into the producer 
C as coke or semi-coke. The 
gas entering the retort at a 
temperature approaching 000 
deg. C. picks up the more 
volatile distillates, becoming thereby 
considerably enriched both as regards 
thermal value and potential by-pro- 
ducts. 

“ (' is the gas producer. It is 
unlincd or only partially lined with 
refractory material and is surrounded 
by an annular water space or boiler 



Wood Refuse Plant 


l he ( a mfy/>ell (i,r. Lupine Co. I Id, 
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Producer working on Rlct'Husks 


Bus ton <S Hornsby Ltd . 


in which a considerable volume of 
steam is generated. The producer 
is fitted with a normal type “ Duff ” 
grate but has in addition a central 
shaft to the upper part of which the 
air blast from the roots blower is 
introduced. A water spray is in- 
troduced at K. The shaft D becomes 
sufficiently hot at and above the 
incandescent zones to vapourise the 
water injected and to superheat the 
blast sufficiently for the highest yields 
of ammonia, (British*patents 12400/14 
and 111964). It will be noted that 
the fuel in the producer is radially 
near to usefully absorbing heating 
surface inwards and outwards whereby 
the temperature is kept low independ- 
ently of the introduction off direct 
steam. 

“ The fuel bed does iv>t, as is 
usual in water bottom producers, 
rest Vipon ash piled in the water 
but is carried by crusher rolls F 
which rotate very slowly inwardly 
under sknple •mechanism at con- 
trollable speeds or may be stopped. 
The ^device enables* the operator 
to draw ash selectively from any 
segment of the producer. Ash and 
clinker (if formed) are. broken small 
and discharged into the specially 
shaped water lute whence they are 
propelled (in the case of a battery 
of producers) by water circulation, 
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under the action of a low duty 
centrifugal puftip to a central sump 
and mechanically elevated therefrom. 
The ash handling is entirely mechan- 
ical The portion of the apparatus 
is covered by British patent 113025 
and by a further application dealing 
with important improvements, rising 
out of ex]jerience gained. • 

“ A typical analysis of the gas 
consistently obtained js : — 


per cent. 

Carbonic oxide (CO) 17.1 

Hydrogen (H) ... 24.3 

Methane (CHJ) 41.9 

Carbonic Acid (CO, ... # ... 10.5 

Nitroge* ... ‘ * ... 44.2 

Total combustible constituents ...» 45.3 
Gross value B.Th.U. per cubic foot... 182.9 
Net value 4B,Th.t T , per fiubic foot ... 184.9 
Ample steam is made for blast and 
auxiliaries. • 

Blast saturation ... ... 74 deg. C. 


“ There is probably no dearer way 
of illustrating the comparative thermal 
value of plant of this description 
than by three diagrams, and one 
is given as closely as can be approx- 
imated from average data available 
in fig. 2. 

“•This diagram shows only thermal 
comparisons and is unfair alike to 
the normal and R.G. plants in that 
it ignores the rebate due to recovery 
of by-products, particularly ammonia. 
The price of ammonium sulphate at 
the time of writing is £14 per ton and 
the yield from Average coal in both 
normal and R .<». plants may be 
taken as 80 lb. per ton of coal 
gasified, that is to say a gross rebate 
of 10/- per ton on the price of 
coal. But there are necessarily 
charges against this— costs of acid 
and extra stores, extra labour, and 
capital charges op the added recovery 
plant. These would be easily covered 
by an allowance of say 7/- so that 
in estimating a net return of 3/- per 
ton of coal fed to producers due to 
sulphate recovery one ttfould be on 
a very safe basis#. Assume also for 
purposes of comparison that the 
average price of cool is 15/- per ton ; 
then the*nct rebate is one-fifth of 
coal cost. 

“ The diagram fig. 3 is workea out 
on exactly similar lines, except that 
the yields are based upon ' shilling 
value ’ instead of “ British* Thermal 
Units.’ It will be seen # that, from 
the ‘ cost ’ paint of view th <f R.G.^ 
plant may be expected to return 
the whole heat falue of the fuel, 
with a margin. • 

“ It should be noted moreover 
in the R.G. plant, due to pre-retorting 
the fuel and other causes, that tar 
products of superior quality, capable 


of distillation to produce good yields 
of fuel oil and pitch may be expected. 

" No experiments in this direction 
have yet been practicable. 

“ Hitherto, reference has been made 
only to the purely chemical and 
physical features of the £.G. appar- 
atus, and complete demonstrations 
of all its possibilities still remains 
to be accomplished. | It is apparent 
that, for different services, there 
is great elasticity in these respects, 
that the best prportfons for steel 
works producers would not lx* the 


best for an Industrial* Gas Distrib- 
ution Scheme, for example. * 

“ But the outstanding advantages 
of the new system, as demonstrated 
by *the experimental plant, are of 
the severely practical class, those 
which, it will be generally agreed, 
are most needed. They may be 
outlined as follows : — 

“ (1) Any coal hitherto regarded 
as unsuitable for producer work due 
t(t coking or sticky qualities or phys- 
ical structure can, by reason of the 
pre-cokiijp, be used without the least 
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difficulty and without skilled attention 
in the R.G. plant. Then; has never 
been any tendency to ‘ arch ' nor to 
form clinker in the producer which, 
with a net area of about 60 sq. ft., 
gasifies easily 1 3 cwt. of coal per hour. 

“ (2) As regards the crusher roll 
grate the power given, by select- 
ive discharge of ash, to maintain 
good zoning in the producer will 
probably appeal to all experienced 
charge engineers, and the obvious 
simplicity and certainty of the auto- 
matic ash discharge eliminates one 
of the most costly limitations of 
earlier installations of large size. 

" (3) The retort on the experi- 
mental plant at Preston is smaller 
than it should be for best results. 
In pre-coking it reduces the tempera- 
ture of the outgoing gas 160 deg. C, 
independent upon the working con- 
ditions of the moment. Obviously 
this reduction when cleaning and 
cooling plant follows, will reduce the 
size and capital cost of these pro- 
ducers. A further point, unexpected 
but clearly of great value, is that the 
retort is found to act as a most 
efficient filter as regards dust. 

" No tests for cleanliness have 
yet been made, but the gas coming 
over from retort at about 360 deg. C. 
appears to be substantially dust 
free. If this feature is maintained 
it should be of great value in firing 
regenerating furnaces and for like 
purposes. Incidentally, it has been 
suggested that the higher value gas 
to be obtained from better propor- 
tioned plant may enable continuous 
recuperative furnaces to replace re- 
generative furnaces for many purposes. 

" As regards operations in whijh 
gas producers are now in common 
use little need be said here. For 
furnace work generally, for gas en-* 
gines, and like uses it is submitted 


that the R.G. plant will prove super- 
ior to its predecessors as regards high 
thermal efficiency and low capital 
and maintenance costs. 

" But wider possibilities are sug- 
gested : — 

“ (1) One of the most prominent 
consulting engineers (for towns gas 
plant) in the country has suggested 
that, on the high thermal efficiency 
and high calorific value promised by 
the experiments so far carried out, 
there is no practical reason why 
R.G. gas should not supersede water 
gas as a diluent for town gas, and 
every economic reason why it should. 
In his view the dovetailed advantages 
of combined retort and recovery 
producer installations at Towns gas 
works are obvious. 

*' (2) Many experts have advoc- 
ated the distribution of producer 
gas for industrial purposes in busy 
manufacturing centres. The w r ell- 
known South Staffordshire Mond Gas 
Co. though inaugurated at an early 
stage in the development of the gas 
industry, and handicapped in many 
ways, has conferred an estimable 
boon upon the district it serves. 
The gas engine, for small and mod- 
erate powers, still remains outstand- 
ingly the most economical motor. 
An estimate very conservatively pre- 
pared. illustrates beyond question 
that in a certain industrial district 
the substitution of R.G. gas for the 
retort gas now distributed would 
reduce the power and heating costs 
of that district by 70 per cent, -and 
there are similar districts in the 
country. 

“(3) It is not^. suggested that, 
at the present time, the use of pro- 
ducer gas would directly reduce elec- 
tricity charges. It is generally ac- 
cepted that the gas engine is impossible 
for large power stations. The large 


gas-turbine, if it ever comes, may 
change tliis.f Coal-fi red 6 boilers, work- 
ing with steam tuybines, may average 
76 per cent, thermal^ efficiency. As- 
suming 80 percent/ gas plant effici-* 
ency and 86 per Vent, gas fired 
# boiler efficiency, the combined all 
round gas firing efficiency could only 
•be 68 per cent. «By-prodqcts would 
help this figure from the financial 
standpoint, but^it must be admitted 
at the moment that the direct 
showing is not very attractive. If 
however, broadej views be taken, 
if for example gas and electricity 
interests cdUld combine, to gas-fire 
boilers and distribute cheap gas for 
industrial and domestic service, open 
grates and ordinary furnaces being 
vetoed, we should approach those 
conditions of smokelessness, health- 
fulness and brightness which afe 
so often foreshadowed in public 
speeches by welfare workers. We 
should have the satisfaction more- 
over of knowing that we are no 
longer deliberately wasting our most 
valuable natural asset — coal. This 
may appear visionary, but the writer 
(Mr. Wollaston) firmly believes hot 
only that we shall have these con- 
ditions within the next twenty years, 
but also that they will be developed 
to a point of economic soundness. 

“ In conclusion one would like 
to draw comparison^ between the 
methods herein described and other 
methods of dealing with fuel supplies, 
for example low temperature car- 
bonisation and the production of 
smokeless fuel, pulverised fuel firing 
and the like. This statement has 
however, run to considerably greater 
length than was originally intended. 
The writer (Mr. WcJlaston) would 
only add that, in his opinion, there 
is abundant scope for all these, but 
he would at the same time plead for 
more selective discrimination than 
has hitherto 'been shown even by 
so-called experts. 'The trut.h, as 
it appears to him, is that most 
systems of dealing with coal now 
advocated are based upoh sound 
scientific facts and that they are 
capable of dovetailing together to 
meet any and all public demands/* 
Turning now to the Mond gas 
plant, in ojir last issue Mr. David 
Brownlie dealt very fully with the 
npw design of producer by the 
Power Gas Corporation Ltd., so there 
is no need for us To deal with this 
development fully in the present 
article. We would however, remind 
our readers that the Power Gas 
Corporation Ltd., have set them- 
selves rather a different problem 
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to that of Mr. Wollaston in their 
new producer.; that is to say, that 
they aim primarily at low tempera- 
ture carlfonisation Conditions for the 
•recovery of large quantities of oil 
fuel rather than the recovery of 
ammonia in the ^orm of sulphate 
and it would appear to us that * 
there are very considerable openings^ 
for each of these policies, the adoption 
of either being a question of market 
values and local conditions, but thd 
recovery of sulphate must always 
be a matter of considerable interest 
to India, which think is ^ery 

generally realised. • 

Ouf illustrations also show some 
of the more orthodox designs of gas 
producers each of •which have their 
own particular field, and the recording 
of these here will •perhaps give a 
better perspective of the new devel- 
opments thsfti would be obtained if 
they were dealt with alone. 

We must, however, point out that 
the suction type of producer is con- 
fined to the smaller size plants, 
whereas the gas plant using bitum- 
inous coal has alone catered for 
laiger power plants, that is to say, 
that the two types cover two distinct 
fields of application. 

We illustrate some of the standard 
plants made by the Campbell Gas 
Engine Co. Ltd., including this firm’s 
“ Open Hearth Suction Gas Plant ” 
which has bfcen very successfully 
used for using such fuel as anthracite, 
coke, and locomotive steam box 
char, in very small sizes. In this 
plant it is claimed by the makers 
that anthracite coal or c^Jke can be 
used only large enough not to pass 
through a sieve of j in. mesh, and the 
design of the hearth, as will be seen 
from the illustration, is such that 
poking and removal of clinker can 
be done without disturbing the pro- 
cess of gas production, and as a result 
the plant can be kept? continuously 
at work for long periods. 

Andther illustration shows the Camp- 
bell suction gas plant for using 
wood effuse, # and this particular 
design in common with those of a 
number of other leading British firms, 
has proved to be a very successful 
method of utilising such material 
as saw-dust, shavings, chips, rice 
husks, cork refuse, cottoft seed waste, 
cotton stalk** etc., and converting 
such material into combustible $is 
which is an eminently satisfactory 
fuel in a gas engine cylinder. 

Messrs. Campbell Gas Engine Co. 
Ltd.; state that the consumption of 
dry fuel used, composed of say, 
13 per cent, bits, 31 per cent, chips 
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or shavings and 66 per cent, saw- Another interesting type of suction 
dust, is about 2.251b. per b.h.p. per gas plant which has been developed 
hour. When the fuel contains moist- wholly for using waste fuel and 
ure, however, this might go up to waste vegetation, is that manuf act- 
31 lb., but in no case should the ured by Messrs. Ruston & Hornsby 
amount of moisture in the fuel Ltd., and it will be noted that the 
exceed 50 per cent. general arrangement of the plant 

We also illustrate the Campbell is similar to other makers, but the 
suction plant which has been designed design of the producer itself Is rather 
for using bituminous fuels, but it different and provides special arrange- 
should be pointed out that with ments for keeping the flues near 
this type of .plant only fuels the producer clear of tar, and is 
known as non-coking or only slightly also well supplied with pokfers for 
coking, such as collie coal, lignite, keeping the fuel bed solid. The 
brown coal, etc., are suitable. But main feature, however, of this 
with this class of fuel the plant is type of suction plant, is to pro- 
an eminently satisfactory unit, and vide for a large fuel capacity in 
the general construction and method the upper part of the producer, 
of working apart from the producer and this will be clearly seen in 
is very similar to other types of suction both the Ruston and Campbell 
gas plant. designs. f 


In concluding this brief review 
we illustrate the " Kerpely " gas 
producer made by Messrs* E. 0. 
Appleby & Co., of London, and we 
do so in order to put on record a 
development in producer details w/Jich 
bas made very considerable progress 
both in America and on the Continent 
during recent years, although it is only 
quite recently that the matter seems to 
have taken up seriously in England. 


It will be rioted from the section 
of the “ Ker[>ely '* producer that the 
main functions are carried out mech- 
anically, that is to say, the fuel is 
fed mechanically - the fuel bed is 
agitated mechanically, and the ash 
and clinker are automatically re- 
moved front the lower portion of* 
the producer. 

The removal of ash in this design 
also embodies crushing process, 


the grate itself being placed eccentric- 
ally, and by this arrangement the 
revolving rff the* grate crusnes any 
large lumps of (linker whtch would 
otherwise not pass to the ash pit* 
The principal claims for these 
mechanical features are greater out- 
put ; gas of higher and more regular 
m heat value, and also, where a number 
of producers are* installed there is 
a t considerable saving in labour. 


Modern Gas Engines* 

In the following brief review wc pul on record 
some of the principal features in the design of 
British gas engines which are not specifically dealt 
with in other articles in the present issue, and 
ice also record some notes on rising waste heat. 


T HE general practice amongst 
British gas engine makers 
has been to adopt the 
four stroke principle where 
gas is used as fuel. The 
lifference in the details of the makers 
therefore, is one of difference in con- 
itructional detail, and there are 
laturally a number of points on 
vhich most British makers seem to 
yc agreed. We therefore propose 
o only touch on special features 
vhich are more or less distinctive of 
ach particular make as we believe 
hat those points which are common 


to most makers are now fairly fam- 
iliar to our readers, and they are 
factors which a lengthy experience 
has satisfied the British manu- 
facturer that they are perfectly sound 
practice. 

In dealing with the vertical type 
of gas engine it is worth recording 
that British engineers have been the 
pioneers in this field, and although 
the vertical type has not come into 
very general use so far, nevertheless 
it has been very largely adopted for 
different classes of work, notably 
for direct coupling to electric gener- 


ators, and also for direct coupling 
to centrifugal pumps. 

In dealing with this subject it is 
advisable to remind our readers that 
where gas engines arc under consid- 
eration, or any other S.ype of internal 
combustion engine, it is necessary 
to remember that the altitude at 
which an engine works affects the 
power output of this type of prime 
mover very considerably, and as 
a rough guide it may be taken that 
the horse-power of any gas engine 
will be reduced by approximately 
3 per cent, for ev£ry 1 ,000 ft. at 
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which tfie engine is required to 
operate above sea levgl. 

There is one point common to all 
gas engine mqjkers, which might be re- 
ferred to here, as its advantages and 
conveniences do not appear to be gener- 
ally understood. YVe refer to the 
compressed air as a starting medium 
for large gas engines, or even moderate 
sized engines. The method adopted 
has become standardised and consists 
of small air compressor for belt 
driving from the line shaft, or a 
self-contained unit witli some form 
of prime mover. The only other 
item of importance is the tank or 
receiver for holding the air under 
pressure, with ^ts connecting pipes 
and valves. 

The compressed air is used to 
start up the engine in exactly the 
same way as steam is used to start 
up the steam engine. It is usually 
necessary to operate the bafring gear 
of the engine in order that the piston 
may be brought into a suitable 
position for starting purposes. With a 
single cylinder engine the operation of 
starting is generally carried out by 
hand bv means of opening and closing 
the stop valve when ^t the same 
time the operator watches the pos- 
ition of the crank* but with the multi- 
cylinder engine the operation is gener- 
ally automatic by means of mechan- 
ically opefated valves on the cylinders. 

Returning now to the consideration 
of some of the leading British makers 
of gas engines, we will deal first 
with the Campbell horizontal multi- 
cylinder gas engine. This is a type 
which has become very popqfar in 
recent years and which has beem 
adopted by mojt leading British 
firms. # 

Messrs. Campbell’s experience shows 
that a, multi-cylinder engine is prefer- 
able to a single cylinder for outputs 
of about 150 b.h.p. and upwards, 


and that it is often selected for powers 
down to about 100 b.h.p. This firm 
build the horizontal multi-cylinder 
type with either two or four cylinders. 
They build the two cylinder type 
in sizes from 100 to 200 b.h.p., 
these figures referring to the working 
load, and the four cylinder type in 
sizes from 200 b.h.p., up to 520 b.h.p. 
(working load). 

In passing we might mention here 
that this particular firm have also 
built the multi- cylinder engine in 
Tandem form, and although this 
makes a very sound engineering job, 
it has not become very popular, 
and we should imagine that the 
high production cost by comparison 
with the side by side type is respons- 
ible for this. 

The governing of the Camplxll 
engine is arranged to work on what 
is known as the “ quality " system, 
that is to say, that only the strength 
or quality of the mixture is varied, 
and the same total volume of mixture 


enters the cylinder at each stroke, 
thus keeping the compression constant. 
This is an •important point because 
the compression being kept constant 
is more fa von table to the even work- 
ing of the engine, and also it is more 
favourable trom a fuel economy 
] joint of view. 

The figures given for the consump- 
tion for this type of engine vary 
from .75 to .851b. of anthracite per 
b.h.p. per hour, and the consump- 
tion for coke is about 25 per cent, 
greater, and of charcoal about 30 
per cent, greater. 

Very careful consideration has been 
given to the question of lubrication 
on this engine, and cylinders, pistons, 
exhaust valves and gudgeon pins 
are supplied from a positively oper- 
ated pump lubricator with sight 
feeds, lyicli feed can be adjusted 
separately to pass any quantity, 
small or large, with great regularity 
and may also be operated by hand if 
necessary to give an extra flush of 
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oil. The large end connecting rod 
and crankshaft) bearings have sight 
feed gravity lubricators, adjustable 
separately, the reservoir being con- 
tinuously supplied by a valveless 
pump submerged in an oil tank. 

The Campbell Gas Engine Co. were 
among the first British makers to build 
the large vertical gas engine, and 
as this fmn point out, their first 
large vertical gas engine was one of 
350 b.h.p. delivered in January, 1904, 
and since this date the purchasers 
have ordered four other engines — a 
fact which speaks for itself regarding 
the Campbell production. 

The general construction of the 
engine will be clear from the illustra- 
tion ; and it is interesting to note 
that the single acting cylinders are 
arranged des-axially, that is, with 
the centre line not vertical over the 
axis of the crank shaft. This reduces 
the angularity of the connecting rod 
on the jK>wer stroke and is claimed 
to dimmish the pressure on the 
cylinder walls by about 20 per cent., 
with, . of course, a corresponding 
reduction in wear of the piston and 
cylinder. 

The fuel consumption on the multi- 
cylinder vertical engine is given as 
varying from .75 to .9 lb. of anthracite 
per b.h.p., per hour; and as in the 
case of the horizontal type, when 
coke is used as fuel the consumption 
is about 25 per cent, greater, and 
with charcoal about 30 per cent, 
greater. 

In engines of 520 and 585 maxi- 
mum b.h.p,, this firm include cross- 
heads aqd slipper guides, the piston 
rods being of high grade steel ground 
true and having a flanged attach- 
ment to the piston and crosshead. 


^ Another point of interest in the 
Campbell design is that in engines 
of 290 b.h.p. and upwards, the exhaust 
valve is water cooled. 

Ignition is by low tension mag- 
neto, each cylinder having a separate 


magneto, and Messrs. Campbell have 
found that this method jn their 
experience r has $ven extremely reli- 
able results. * # 

The illustration of the horizontal 
type engine as made by the National 
Gas Engine Co. L,t4. shows very clearly 
the general construction of this firm's 
» horizontal type cpid it wjjl be noted 
that the arrangement of valves differs 
^from that which is generally adopted 
by leading British firms. The 
National Gas Engine Co. L,td. still 
adopt a separate valve box on the 
balk of the cylinder and claim that 
the simplify and accessibility of 
this design warrants them sticking 
to it. 

< 

The governing of the ‘National 
engine is on Jhe "hit and miss " 
principle in all engines up to 50 b.h.p., 
but throttle governing , can be fitted 
if desired, this being of course, a 
special arrangement. In engines from 
their " XA " type, which develops 
75 maximum b.h.p. on producer gas, 
and in sizes larger than this, the firm 
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supply their patent variable-admission 
governing gea* which graduates the 
impulses to suit tjie load, the prin- 
ciple beidg a confbination of the 
quality and quantity system. 

The vertical type of gas engine 
made by the Natymal Gas Engine 
Co., is a type by itelf, its principal* * 
feature being that the cylinders are # 
arranged in*tandem # form with special 
stuffing boxes between the uppej 
and lower piston. • • 

The sectional view shows the gen- 
eral construction of this tyjK.*, and 
the engine itself is fluilt in standard 
sizes from 300 to 2,000 Jth.p., with 
with 2T 3, 4 , or 6 cranks* # 

The engine operates on the four- 
stroke principle and the space formed 
between the top piston and the 
intermediate cover used as the 
buffer cylinder in which compression 
of the air takfcs place on every down 
stroke, and expansion on the up 
stroke, which enables the moving 
parts to be effectively cushioned. 

The governing of the engine is 
by means of a throttle valve con- 
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trolled bv a centrifugal governor, 
the throttle operating both gas and 
air, thus working on the " quantity " 
principle. This method can, if desired, 
be arranged to change the mixture 
with a variation of load, that is to 
say, to operate partly on the “ quality" 
and partly on the “ quantity " method. 

Ignition is in duplicate, that 
is to say, there are two independent 
sparking plugs in each cylinder, and 
two or four low tension magnetos 
and coils in conjunction with which 
batteries can also lx* used. The 
magnetos are driven from the cam- 
shaft through spur gears. 

The timing of the magnetos can 
lx* adjusted to suit each cylinder 
independently, or all the cylinders 
simultaneously, whilst the engine is 
running, if desired. The ignition 
current is brought to the sparking 
plugs through rubber covered cables 
encased in tinned brass tubes so as 
to protect them from damage. 

: For lubricating the working parts, 
all bearings, pins, etc., arc supplied 
with oil under a pressure of 5 to 15 
lb. per square inch, the pressure 
being obtained by means of a yalve- 
less pump driven from the crank- 
shaft. All oil is returned to the 
bedplate from which it is drawn 
through suitable oil strainers back 
again to the pump. 

» Vhe illustration of the Hornsby- 
Stockport gas engine shows sectional 
views through some of the principal 
working parts* and make the cou 
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struction of this engine very dear. 
It will be noted that the valves 
open direct into the cylinder itself 
which conforms to the practice of 
most British firms to-day. 

Lubrication for the piston on sizes 
of 28b.h.p., and upwards is carried 
out under pressure by means of a 
suitable force pump, and the main 
crankshaft and side shaft by means 
of suitable ring oilers. 

For governing, this firm supply 
two distinct types. One on the “ hit 
and miss " principle on engines of 
u less power than 28b.h.p., and on 
the 28 h.p. engines and upwards, 
the firm's “ variable admission ” gear 
is fitted, which acts on the principle 
of varying the amount of gas and 
air admitted to the cylinder, but in 
no case cutting off the charge alto- 
gether. Both the quality and the 
quantity of the mixture are there- 
fore regulated, the quality by re- 
ducing the amount proportionately 
to the work, and the quantity by 
reducing the amount of air to the 
best proportion to give complete 
combustion of the gas admitted. 

In the illustration “ A " is a quad- 
rant operating the valves through 
the link “ C " which is oscillated by 
the governor in accordance with yie 
load, This regulates the amount of 
gas admitted by varying the opening 
of the gas valve bv the* link “ B " and 


the air is at the same time automat- 
ically regulated to suit by the amount 
of opening of the charge valve which 
is actuated by the link “ C 

Ignition is bv low tension magneto 
and the sparking plug may be ad- 
vanced or retarded while the engine 
is working if necessary. 

Utilising Waste Heat 

Users of gas engines do not as yet 
appear to generally understand the 
economy to lx effected by making 
list 1 of the waste heat from the gas 
engine, that is to say. by utilising 
the heat in the exhaust, and also 
the heat from the water jacket. 

In a paper read before the Associ- 
ation of Kngineers in Charge, Major 
W. U.regson points out that it is 
a well-known fact that even in the 
case of modern internal-combustion 
engines approximately 40 per cent, 
of the total heat units in the fuel 
is lost through the exhaust pi]>e. 
On an engine taking 11,000 B.Th.U. 
per b.li.p. per hour the heat appear- 
ing as useful work is just over 28 
jx‘r cent., and the remaining 32 per 
cent, on the heat balance-sheet is 
lost in the cylimlfff cooling water, as 
radiation and as engine friction. 

Speaking generally, the type of 
boiler adopted for waste-heat recovery 
on gas engines is the multi-tubular 


llonis'n’ l-Ul. 


type ; its general lay-out is simple, 
as it consists, in the main, of a shell 
traversed by a nest of tubes with a 
chamber added at each end. The 
hot gases enter the boiler at one end, 
pass through the tubes, and are 
released to atmosphere from the other 
end of the boiler. 

Assuming an inlet temperature to 
the boiler^of 4 SO deg. C\, at full load, 
and outlet temperature of 200 deg. C., 
this would give a tube efficiency on the 
boiler of 58 J per cent., which means 
that 2.100 B.Th.U. van be recovered 
as steam, *.<•., 2.171b. of steam per 
hour from and at 212 deg. 1\, and 
this latter figure is reached in practice 

by most of the waste-heat boilers at 

h 

present running. 

Regarding the act\ial use of # steam 
recovered from waste-heat from in- 
ternal-combustion engines, ^probably 
the most common channel in which 
this ie directed is to blow pro- 

ducers ; another favourite outlet 
for this steam is for works or 

factory heating and in chemical 

works for industrial purposes. Owing 
to th<^ comparatively, low efficiency 
<i ( small steam-driven units, it would 
not apjxar to l^c a commercial 

proposition to convert this steam 
into further power on small installa- 
tions, but in the case of qpntral 
works' power stations containing a 
number of internal -combust ion en- 
* 
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gines, it is of course ;i good proposition 
to run sm auxiliary generating set 
on the steam available from a battery 
of waste-heat boilers. 

An interesting example of actual 
results in a particular case, is recorded 
in the issue of the Gas Engineer 
for September 15th, of Iasi year. 
We take the following extract: 

" As a fair ;Anount of hot water 
is required at the works of the Pavlova 
leather Company in connection with 
the various processes in the manu- 
facture of leather, and also in supply- 
ing feed water to two Ijancasliire 
boilers (28 ft. by 7 ft.) full advantage 
is taken of the hot circulating water 
after it has passral through the engine 
(gas engine), wTiich has previously 
been softened down to six degrees of 
hardness. The water, which leaves the 
engine at about 100 deg. I<\, is pumped 
to the hot- water tank wfiieli supplies 
the works, a coolant supply of 2,000 
gallons* per hour being available 
from this source. For a ten hour 
day this* amount of water at the 
temperature stated is equivalent to 
12cwt. of coal, although consider- 
ably more than this amount of coal 
would be required to heat the water. 

“Another feature in # connection 
with this installation is the use of 
the exhaust ga$es for supplying heat 
for wool drying purposes. This pro- 
cess is carried mft in a long brick- 
built chamber through which passes 
a wire woven conveyor carrying the 
wool. * During the passage through 
the chamber it is dried by hot air, 


which is circulated 
through the *wool by 
fans driving the hot 
air through radiators 
heated by the exhaust 
gases. The actual heat 
used in the wool dry- 
ing chamber is equal 
to approximately 10 
ewt. of coal, though if 
steam were u&d for 
such an arrangement, 
and allowing fyr a 
very efficient boiler, 

I ft ewt. of coal per 
day would be required. 

For comparison pur- 
poses it may be stated 
that a duplicate wool 
dryer (steam heated) 
absorbed 1 ,000 lb. of 
steam j>er hour, 80 lb. 
pressure when tested. 

“ It will lx? noted 
that by using the hot 
circulating water and 
exhaust gases from the 
engine, which, unfortunately, in most 
installations are not utilised, the 
satisfactory saving of 22 ewt. of 
coal per day is achieved. In ad- 
dition to this, account should be 
taken of the boiler labour, which 
is dispensed with under the existing 
arrangement. When the works ex- 
tensions are fully completed and the 
engine is called upon to carry its 
rated load, on the basis of results 
now obtainable, the following fuel 
consumption will be obtained : — 

ewt. 

Anthracite ('oiistimptioji ]M*r <lay ... AH 
Hot circulating water, equivalent to 
14 ewt. of anthracite, exhaust gases 
equivalent to 14 ewt. of anthracite... '2H 
Anthracite consumption jn*r <lav for 
power purposes ... ... ... HO 

30 ; 112 

0.40 lh. per b.h p hour. 


The consumption figures stated 
are for running time only, and no 
allowance has been made for standby 
loss, which averages one to two per 
cent, of rated capacity of producer 
plant." 

Water Coolers 

In conclusion we would briefly 
refer to the “ Ileenan ” type of 
water cooler which is of special 
interest to users of internal com- 
bustion engines in a hot climate like 
India. 

This cooler is of the stationary 
type, the outer casing of which is 
rectangular in shape, and built up of 
stout mild steel plates, stiffened 
where necessary with angles. The 
base of this easing forms a tank into 
which the cooled liquid (oil or water. 
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whichever the ease may be) drains, 
previous to re-circulation. The cooling 
effect is obtained by evcnfy distrib- 
uting the heated liquid over a number 
r>f screens set up oik* above* the other 
in the body of the cooler. * 

Tlie liquid to be cooled after 
passing through a strainer enters 
at the top of the cooler and falls on 
to the screens, coining into contact 
with a current of cold air forced 
upward through the screens by means 
nt a centrifugal fan, the discharge 
from which is introduced to the under- 
side of the lowest screen, 'fhe screens 
are formed of metallic wool of stand- 
ard si/.c and thicknes^ held together 
between wire netting, the frames 
being formed of angle steel. 

The fan runner is keyed to a shaft 
which passes through tin* upper part 

the cooler, a pulley being mounted 
m the opposite end of the shaft to 
which the drive can be conveyed 
by means of a belt from counter- 
drafting, or from an electric motor 
iirect coupled to the circulating 
xi imp. The fan and casing form an 
ntegral part of the cooler. 

The circulation is maintained by 
i small centrifugal pump mounted 
dongside the cooler. This can lx* 
irrnnged for belt drive from fan shaft, 
)r alternatively direct coupled to 
in electric motor, in which case the 
Irive to the fan would be conveyed 
>y means of a belt from a pulley 


Diagram of Cooler 


fitted to the opposite end of the 
armature* shaft. The metallic wool 
screens are quite accessible and 
easily removed for cleaning or in- 
spection purposes, but experience 
shows that this is seldom necessary. 

In the upper part of the cooler 
casing is fixed a number of elimin- 
ators, consisting of steel blades, suit- 
ably curved. These are designed 
to arrest the diffusion of loose part- 
icles created by the discharge of the 
heated air from the top of the cooler. 


& Frauds iJd. 

BRITAIN’S MOST POWERFUL 
LIFEBOAT 

Nearly twenty years ago the Royal 
National Lifeboat Institution of Great 
Britain began to install oil driven 
motors on its lifeboats. The designs 
first adopted were more or less 
standard, but of late years the In- 
stitution has directed its attention to 
developing a type 'which would be 
wholly suited to the strenuous con- 
ditions of lifeboat service. The latest 
production is a ninety horse power 
engine which is far and away the 
most powerful on any lifeboat on 
British coasts and probably in the 
whole world. Tins'* engine has been 
specially designed in almost every 
detail, and each section of it has 
been made by a British factory 
specially noted for its supremacy in 
that particular direction. So. long as 
air is supplied to the engine it will 
continue to run even though totally 
submerged. When running at full 
speeS. it drives the ship at 8.4 knots 
and it consumes 8$ gallons of petrol 
per hour. Since the engine was placed 
in the bo^t voyages totalling twelve 
hundred miles have .been run in all 
"sorts of weather conditions without 
the slightest trouble of any kind being 
encountered. The Institution has 
now thirty-eight motor lifeboats 
at work on the coasts of Great 
Britain. 
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THIS SECTION DEALS WITH TRANSIT BY AIR, LAND AND SEA, AND PARTICULARLY WITH 
a « THE MANAGEMENT AND CONTROL OF RAILWAYS v. n M 


Carrying the Waters of the Nile 
into Palestine 

The following very interesting description of a War-period Water Supply is 
takefi from the “ Sportsman published by Vickers Vetters Sports Club, by kind 
permission of the Editor, atid to whom we are also indebted for the loan of blocks. 


T HAT letters I v td. contrib- 
uted in no small way to the 
success of the military oper- 
ations in Egypt and Palcs- 
• tine, during the Great War, 
is shown in the short descriptive 
article by one of our correspondents 
who saw active service both in Egypt 
and Syria, and who was employed on 
the work of water supply. 

The great vital problem which had 
to be solved, and which engaged the 
attention of a large number of expert 
engineers, was the provision of an 
adequate water supply for the needs 
of the railway to Palestine and the 
troops engaged in operations under 
the direction of Field-Marshal* Allenby 
and General Murray. 

After numerous reports had been 
called for and received by the Com- 
mander - in - Chief, as to the total 
quantity of water available, it was 
eventually decided that, as there was 
not a sufficient supply in the locality 
for the large number of troops which 
the authorities intended to use, the 
water brought down by the Nile 
through tty2 Sweet Water Canal, run- 
ning parallel to the Suez Canal (Fig. 1), 
should be utilised as far as possible 
by means of a pipe line constructed 
alongside the railway across the 
desert. • 

As the Army advanced fnto enemy 
country, so followed the railway and 
pipe line in its footsteps, daily build* 
ing up and strengthening the line of 
communication with Egypt against 
enemy attacks. 

The Sinai Peninsula consists for the 
greater part entirely of arid sandy and 
waterless desert where nothing grows 


except a few low bushes and coarse water. Water can almost invariably 
grass. The monotonous stretches of be found by digging in the sand along 
country are only relieved at long the seashore, but it is of very poor 
intervals by oases where water may quality, always brackish, and was 
lx.* found in small quantities. The found to be quite unsuitable for the 
first oasis reached from Kantara, the requirements of the troops in occupa- 
base of the Army, is at Romani, which tion of the country, 
consists of a few date palms, some The wells of Katia, Bir el Abd and 
shallow wells from which the Bedouin Mazar furnish a small supply for the 
population draws its water, and a mud wandering Bedouin of the district, 
shelter or two, in ease of a sandstorm, and at the two last-named places 
which frequently occurs. pumping stations were erected to deal 

The country then becomes very with the water supply brought through 
flat, extensive salt marshes occurring, the pipe line from Kantara. The first 
impassable in winter, and in summer town of an) importance reached from 
consisting of hard salt and gypsum, the Canal is El Arish, which is of 

due to the evaporation of the surface torical interest. ,. s : c 
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The town flea on a hill fronting the 
sea at the* foot of a large quadrangular 
castle, which is approached r>y means 
of a great gate on either side of which 
is a round tower with marble pillars. 
It was built by the Sultan Suleiman 
50() years ago. 

The |>opulation numbers ut>out 
2,000, all of whom are engaged in 
agriculture. Dates, grains, figs, 
melons, and all kinds of vegetables 
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distance. Camel transport was found 
to be tl*c only njiable means of travel 
in* this district until the railway 
arrived, twenty miles distant lies 
the village of Khun Yunis, the first 
view of the Promised Land. Here 
there is an old castle buflt in the 
days of the Crusades, when Richard 
Coeur de Lion came over against the 
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Saracens, who occupied the country. 
Here also, as at 1\1 Arsh. there is a 
market, mosque an*l school, which 
are all collected round the castle. 
The gardens are well watered and 
very productive. 

The two principal wells which were 
left by the Turks were taken over by 
the Army, and IVttcr oil engines and 
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foreman ami twcniyfiw nuitve lab- 
ourers. (See Fig. K.) 

Expansion joints were put in at 
every two utiles, to counteract the 
expansion ami contraction of the steel 
pi]>es while no water was in them as 
they lay exposeil to the hot sun. 
Ganns of natives were employed to 
follow up the screwing parties in 
covering up the pij>cs with sand, and 
so protect them as far as possible 
frytn sudden changes of temperature 
of the air. 

* While the pi)** line was being laid 
down, fitter plants, reservoirs and 
pumping stations were being built 
and erected at the places shown on 
Fig. 2, so that as soon as one section 
was completed, water could be sup- 
plied immediately, and the supply 
used for the section immediately in 
front of it. 1 

The pij>c line was completed as far 
as HI Arish in 125 days, 155 kilo- 


pumps erected, reservoirs built, and 
a water supply of 100, (MM) gallons a 
day obtained. One of these wells 
was found to be constructed entirely 
of marble. Charges of dynamite were 
discovered inserted in the well lining, 
and it was evident that the Turks 
had originally intended to demolish 
the well on their retreat. 

The Construction of the 
Pige Fine 

The installation of plant that the 
authorities decided upon was capable 
of providing, at the outset of the 
campaign, 500, (MM) gallons of water 
per diem. This necessitated the pro- 
vision of duplicate 00 h.pr engines 
with pumps at Kantara, Romani, 
Abd, Mazar, HI Arish and Sliiek 
Zowaid, with 2# h.p. engines and 
pumps at Rafa, the Palestine border. 
The accompanying sketch (Fig. 4) 
shows a plan of the pipe line and 
pumping stations distributed across 
the 100 miles of desert. 

Seventy miles of 12-in. W.I. piping 
and 40 miles of 10-in. W.I. piping* 
with the necessary engines, pumps 
and machinery, •were supplied from 
England, India and America, •ships 
being especially escorted through the 
Mediterranean bv the Navy. Over 
12,000 tons weight. of plant was 
handled at Kantara, where it was 
unloaded on to ^wharves built {pr the 
purpose. • 

The transport wprk on the different 
sections of the pii>e line w^s carried 
out by the railway (broad gauge*) 
which .was l^eing constructed rapidly 
across the desert. Pipes were un- 


llolt tractors, which conveyed them 
to their site of erection, where they 
were fixed in position by native 
labour under direction of R.K. officers 
and men esj>eeially appointed for the 
work. Considerable difficulty was 
cxjjericnced at first in training the 
Egyptian labour, which was recruited 
from the Nile Valley, in the handling 
of the tools for screwing the large 
diameter pipes. Progress was slow 
at first, but by degrees, as more 
skilled labour was brought on to the 
work, and by paying the gangs oil 
piece-work basis, the rate of coupling 
up increased considerably. As many 
as forty 12 in. pipes could be laid in 
a day by a gang of one European 


metres from Kantara, and worked 
without interruption except for a 
few hours when it was put out of 
action by an enemy aviator, who 
came down and blew in a few lengths 
of pipe, which were quickly replaced. 
Engine houses and reservoirs were 
well sandbagged J l *d protected from 
enemy attucJUfo in .<my places, and 
engines vi/ere dupl»cs ? d j n separate 
houses. /No serious < ma gc occurred 
at any/Jof the stations. 

Ill i \tns the PU* Itfiv U\ El Arish 
was 1 further extended intp a lestine 
to R«»g da, and supplied Ji^d Nile 
wale t I t through :A distance G v er 150 
miles ,,/) to the troops during ^ 0 j)era- 
tions ,t kvhich drove the lurk om his 
l>j/ A 


um 



loaded from the rail wagons, on to 
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position round t he towns of Beersheba 
and Gaza. 

Rafa. Notes on Advance 
Rafa, which is 40 miles from lvl 
Arbh, formed the culminating point 
of the pipe line 1W» Kantara, and it 
was here that rsltal Alknby 

established his lJd-f|uartt> -s in I PIS, 
when active <y«ations agjk inst the 
Turks eamv^v ,n iatti\ *r part 
of the year jnunediate of A ectiyc; 

was the t/ a °1\ Beersheba, 1 vliicli^ 
was occur/ W Turkisl \J -force 

under G# an gourmand. the 

local wa/ supply was insult/ »cient 
for the °f the troops [J 1 this 

! was held by the TvJa ntieth 
s, a branch pijK* llnd^ was 
roru Rata, through 
ring 5,000 gallons of vM /ater 
o Shellal, where a JB small 
was obtained in th^BL* river 
three sets of h.p. 

pumps (ce n t ri f ucflpal ) were 
1 the water supuBply carried 
the enemy’s ft^Knt in con- 
:h the railway.^B 

Beers^Bheba 

founc^^^that ade- 
^■niade for 

supp 1 ?*^. 


, \ vhicly, 
slJ -force 
the 

lit/ icient 
iuf i this 

ii(^p was 

, ^B small 
river 

P^l) were 
fly carried 
nt in con- 


Aon Beers^Bhebu 

L soot\ a \r\vas founc^^^that ade- 
q/tc P ,0V ^’\V«d l*fc. ■made for 
X water » \ orders 

ufcre K ive " t - advance 

w be macc A e Beersheba, 

vddeh vV y r iV ifto contain an abund- 
a\t sU ^ •* »,/ * wat^r. The enemy was 
m*t at IU ' 'aight, November 30th, and 
after a s y v ihboru resistance, evacuated 
thi.toWjA which was entered next day 
by Australian Mounted Brigade. 

Itl' the meantime, on the West, 
G^za waa being heavily bombarded 


Iwitli from the land and sea, and it 
was hen- that our troops inflicted 
heavy losses on the enemy, who 
evacuated and retreated into the 
hills, leaving thousands of prisoners 
in our hands. (For the operations 
against Beersheba, thirty-three pumps 
and engines were erected, having an 
aggregate of 200 h.p.) After the cap- 
ture of Beersheba and Gaza, the pipe 
line water supply was not required 
to such a large extent as previously. 
Local supplies from wells and rivers 
we^e developed, and many engines 
and pumps which had supplied water 
through the pipe line were moved to 
other localities, where they were 
needed in developing the wells already 
existing to supply the troops in their 
preparation for further operations 
against the enemy. 

The accompanying sketch (Fig. 3) 
shows how the water was raised from 
the well by means of a donkey work- 
ing a chain of wooden buckets, called 
a saggia. This w’ell was one of several 
found in Beersheba left by the Turks. 
A pump was installed and a Fetter’s 
engine erected, increasing the supply 
by nearly 10,000 gallons daily. 


EVAPORATION LOSSES IN 
THE OIL INDUSTRY 

The enormousjkws in the (petrol- 
eum) oil industry caused by evapora- 
tion in working and handling has 
been dealt with in a comprehensive 
manner in a recent publication of the 
United States Bureau of Mines, em- 


bodying the results of 140 tests car* 
ried out tyider actual practical con- 
ditions, supplemented by much labor- 
atory work. It Is estimated, as a re- 
' suit of these careful investigation#, 
that in the 44 mid-continental ” oil 
fields of the U/iited States alone, 
•actually over 500,000,000 gallons of 
» petrol are lost p£r annum, say about 
1 j times the actual output of petrol- 
eum of the wholb of the United States. 

# It appears that from the oil well to 
the refinery about 6 per cent, of the 
oil obtained is lost by evaporation, 
in* addition, of r course, to the huge 
amount oiyiatural gas and very low 
boiling point fractions" whfch are 
wasted when the oil well is tapped. 
One of the chk s f causes o£ the loss 
during handling is in the so-called 
4 ‘ dehydration * process. Most crude 
petroleum contains about 2 per cent, 
of water intimately niixed with the 
oil, and this is caused to separate from 
the oil on standing by treating the 
crude oil with very hot water in tanks. 
This process seems to be generally 
carried out on the most elementary 
lines, and there is a very serious loss 
of low volatile compounds, amounting 
in some cases to as much as 2J per 
cent, of the crude oil. Another cause 
of loss stated in the report is the 
needless amount of handling of the 
dehydrated oil in storage, which 
seems to be moved ( about from one 
store tank to another many times, 
and is often in these various tanks 
four to six months. The capacity of 
such tanks is usually 55,000 barrels 
(3# gallons each), and in one particular 
investigation it was found that 
1,440,235 barrels of oil stored in 
thirty different tanks had lost in 
one year 2.23 per cert, of the volume, 
or 32,100 barrels of petrol. Further 
losses are incurred to the extent of 
0.30 per cent, in the filling of railway 
tank cars from the pipe line, 0.5 per 
cent, in emptying these tank wagons 
again at the end " of the journey, 
together with a further 0.5 per cent, 
leakage en route. The United States 
Bureau of Mines ate of tfie opinion 
that «by the adoption of very simple 
methods, nearly the w T hole of this 
enormous loss could be prevented. 
In a hot country like India, the 
evaporation in connection with the 
handling of petrol and similar pro- 
ducts would seem to be even worse, 
but these Ameriran investigations 
show that it is not so much the tem- 
perature of the air that causes evap- 
oration as the air currents, and it is 
in this direction that the greatest 
precautions are necessary. 
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Indian Railways* in 1921-22 


V ^favourable trade 'conditions in India during the past year militated against 
satisfactory results . The fact kowiver, th&t total earnings rose from Rs Ml US 
CrorPs in 1M20-21 tb Rs. M2 KS (.’rotes is a distinctly favourable sign of develop- 
ment possibilities under more favourable conditions. On the oth^r hand , there was a 
considerable 'increase in the working expenses. 1 he Administration Report for the last 
financial ^vear is of great interest, and is briefly reviewed in lie following article. 


I X my review of the .V) minis- 
tration Report *>11 the working 
of the Indian Railways during 
the year 1M20-21, I commented 
favourably upon the improved 
form of Report that had been 
adopted, and especially remarked 
upon the exceeding utility of the 
information published for the first 
time in that manner. It is pleasing 
to iiote that the Report for the past 
financial year is, if anything, an 
improvement on that to which reier- 
ence lias been made, and it is my 
purpose, after briefly reviewing the 
main features of the report m this 
article, to contribute a special article 
to next month'* issue of Industrial 
Ini»A outlining the extent of the 
developments now being effected on 
the Indian Railways, and discussing 
some of the problems that are now 
by way of l>eing solved. 

Moreover, it is worthy ot note 
that the Administration has now 
definitely accept'd the need for more 
detailed information on the railway 
position! and in the Preface to the 
Report, it is stated that a new feature 
has been socially introduced to 
meet the circumstances of the present. 
While the scoped if previous reports 
has been confined to the year under 
review, developments in India, es|.Ke- 
ially in tonnecWon with the recom- 
mendations of the Railway I'jnatiee 
Committee, have been followed by 
considerable criticism, frequently un- 
informed, and as it is recognised 
that 4he public attitude in this 
matter has been due fo want of 
information, afl effort to mePt thijp 
need has been made in the report 
under review. 

Railway Finances 

Chapter I begins with the very 
tnte*T?mark that ** financial consider- 


ations have assumed a position 
of very social importance in relation 
to railway development and working. * 
It is for this reason, and because, 
also, the subject was dealt with 
so exhaustively by the Acworl.h 
Committee, that the Administration 
have treated this question first in 
their ref* >rt. 

The total capital expenditure in 
eurred on the construction ot all 
railways in India up to the end of 
March, 1M22 amounted to ks. 05(1.00 
Crores, the capital outlay during the 
year being Rs. 25.7N Crores. Of this 
sum, Rs. 2.11 Crores was sjxnt on 
new lines, and Rs. 21.32 on open 
lines account, Rs. 10.04 on rolling 
stock and Rs. 1 1 ,2Son works, including 
stores. On lx>th these o|x*n lines 
items the expenditure was less than 
during the previous year, this living 
due, says the report, not to any 
slackening of effort, but to the 
fact that the grant allot ed was 
Rs. 23 Crores against Ks. 25 \ Crons 
in the previous year. In a word, 
the coat had to be cut aecoiding 
to the cloth, and it is no exaggeration 
of the position to say that if this 
altogether inadequate method of pro- 
viding for betterments, coupled with 
the ridiculous lapsing system, had 
Ijeeti retained, there was very little 
hope for real improvements. Happily, 
this antiquated practice has now 
been discontinued, and while there 
is no need to recapitulate what I 
have? already written with regard 
to the deliberations of the Acworth 
Committee and the consequent estab- 
lishment of a Railway Finance Com- 
mittee hi review its recommendations, 
it is of importance in this review to 
indicate precisely on what basis 
future arrangements arc to be made. 


Railway Finance Committee’s 
Recommendations 

The Railway Finance Committee 
was greatly impressed with the evi- 
dence given before the Acworth 
Committee in regard to the need 
of rehabilitation and improvement 
of the existing lines, and it was 
considered that for this purpose a 
guaranteed progiamme extending over 
a course of years was almost as . 
imjiortant as the possession of larger 
funds. They accordingly recom- 
mended : 

(a) That the programme should 
lx* prepared on a live years’ basis, 
the provision for each quinquennial 
jx-riod Ixing considered about two 
years before the termination of the 
existing period ; 

(h) that, there should lx* no lapse 
of money voted for any one year 
but not spent within that year, such 
sums Ixing carried on to the credit 
of railway administrations up to the 
limit of the total amount fixed for 
the quinquennium ; 

(<•) that the finance programme 
should lx* strictly adhered to, subject, 
of course, to the understanding that 
a war or ot her unforeseen contingency 
radically disturbing the money mar- 
kets might render it necessary to 
curtail the programme in any one 
year ; 

(d) that the programme for capital 

expenditure during the next live 
years should be fixed at Rs. 150 
Crores ; and # 

(e) that this sum should lie devoted 
to the rehabilitation and improvement 
of existing lines and to the completion 
of lines already under construction. 

The Legislative Assembly duly con- 
firmed the Committee’s proposals 
with regard to the five years' pro- 
gramme, and # as they were also 
accepted by the Government of India 



and the Secretary of State, they 
now form the basis of future railway 
capital finance. As the R«port well 
says* *' it is impossible to over-rate 
the importance of this decision as 
affecting railway development in 
India/’ I ? or the first time the 
railway adminstrations are in a pos- , 
ition to plan ahead and to earry out 
their schemes of improvement with 
a full assurance of financial support. 
Truly a charter of wonderful potential- 
ities, and one that will lx.* reflected in 
the more effective working of Indiafi 
Railways when the improvement 
schemes have txen brought to fruition 
and have exercised their beneficial 
influence on railway forking. 

The Establishment of a 
Depreciation Kwnd 

A further satisfactory development 
is that provision is to be made in 
future for the renewal of worn out 
plant by the building up of a Depreci- 
ation Fund. This is a measure udopti d 
by all commercial concerns and is one 
of ordinary prudent management. 
Steps are being taken to fix a suitable 
basis for the various items, and, 
subsequently, annual sums will l>e 
earmarked for renewals and replace- 
ments. Tlu* Report, commenting 
upon this phase of the financial 
arrangements, states that “ stability 
in resj>ect of the provision for revenue 
renewals is in its way of almost 
greater importance than for capital 
since it is the deterioration of the 
assets -both rolling stock and track 
-which is responsible for the present 
railway troubles. , . . Measures have 
now been initiated which will, it 
is expected, provide a solution, and 
it may confidently be hoped that the 
Indian Railways are now within 
measurable distance of surmounting 
the last great difficulty in their 
financial arrangements/’ 

As the financial phase of the 
railway business is, obviously, the 
main text for this article, it will not 
lie possible to do more than briefly 
sketch the other matters dealt with 
in the financial section of the report. 
It should, however, be clearly laid 
down, as a commentary upou the 
difficulties of the position, partially 
abetted by bad trade and largely 
caused by railway troubles, that 
the return on capital for the year 
1921-22 was no more than 2.75 per 
cent., this comparing with 4.74 per 
cent, the previous year, 0,28 «per 
cent, in 1919-20 and still higher 
percentages in earlier years. As a 
patter of fact, whefi full account 


is taken of the financial position, the 
result is that, ^'or the first time 
since 1900, the railways “ have fallen 
from the status of an important 
source <^f revenue to the country 
and are responsible for the addition 
of a very heavy amount to the annual 
liability ai the t Government. Of 
course, as the Report very justly, 
observes, these conditions represent 
nothing more* than a temporary 
phase similar to that apparent in 1 
other parts# of the world, and 1 
would add to that observation the 
fact that, as the improvements now 
being urged forward will undoubtedly 
ease the tralfic position, and enable 
the railways of India to move a 
great deal more tralfic that was 
offered, but could not 1>e moved 
under the old conditions, future 
years should show very substantial 
improvement. 

In view of the unsatisfactory show- 
ing during the last financial year, it 
is not surprising that the Adminis- 
tration Report, in concluding the 
financial section, should make refer- 
ence to the fact that during the 
last 22 years the net gain to the 
Government from the working of 
railways has aggregated nearly 108 
crores of rupees alter paying all 
interest charges, and in several cases 
contributing liberally towards the 
extinction of capital liability by 
payment of annuities. “ The tact 
that railways have demonstrated in 
the past in this very practical manner 
their capacity to add to the country’s 
revenue should be an ample assurance 
that the temporary set-back in 11)21-22 
is not due to any inherent cause, 
and that the old traditions will be 
resumed when trade and internal 
prosperity have fully recovered from 
the disorganisation which has followed 
in the wake of the war. 

Railway Earnings during the 
Past Year 

It is worth while briefly to consider 
the causes that led to the earnings 
of the State-owned railways being 
less than was expected, and to 
analyse the general conditions bearing 
upon railway receipts. While the 
total earnings for all lines rose from 
Rs. 91.98 crores in 1920-21 to Rs. 
92.88 crores a fact showing clearly 
the capacity for development of 
railway ertffting power even under 
unfavourable conditions— the total 
earnings of the State-owned lines 
amounted to Rs. 81.87 crores against 
the sum of Rs. 87 crores anticipated 
wheq tfie budget was framed, 


Railway earnings naturally depend 
largely upon satisfactorytjjade ad- 
ditions, and wKile this is especially* 
true of goods ttaffic, it fiflso applies 
in regard to passenger traffic. Thu*, 
when it is noted that features of 
the import trade^or the year 1921-22, 

► as compared with 1920-21, were a 
heavy decrease in the imports of 
manufactured goods, esp&ially under 
^otton manufactures, iron and steel, 
motor vehicle*, paper, woollen piece- 
goods, and hardware, and an increase 
in the imports of sugar, wheat and 
e<*d, tlie dilficfllties of the position 
will, in a •measure, be realised. The 
check on imports was due principally 
to higher prices accentuated by high 
freights and ineffcased customs duties. 

( )n the other hand, owing to the good 
monsoon all i*er India, there was 
no lack of commercial crops 4or 
export ; but this favourable state of 
affairs was neutralised by the reduction 
in the purchasing power of the contin- 
ental countries which for the time 
lxing deprived India of her best 
markets. 

So far as the internal position was 
concerned, the conditions were gener- 
ally favourable to a prosperous railway 
year. The production of rice showed 
an increase of 19 per cent, and 
cotton 24 per cent, over the preced- 
ing season, while sugar cane, sesamum, 
groundnut and indigo yielded better 
crops than last year? Jute, however, 
showed a decrease of 32 per cent., 
owing to a greatly restricted area 
having liven placed under the crop. 
While, therefore, the year was by 
no mcaifc unfavourabe for internal 
trade, the conditions militated against 
a development of external trade, on 
which railways depend to a great 
extent. The result m these conditions 
is clearly reflected in the figures of 
tonnage carried and the earnings 
of the lines leading to the principal 
ports. 

An analysis of* the two main 
sources of railway earnings? goods 
and passenger traffic, shows that 
the total rise of qearly a crore is 
made up of a decrease of half a crore 
in piftsenger earnings and an increase 
of about a crore and a half in goods 
earnings. There were, however, more 
passengers carried than in any previous 
year, while the goods tonnage was 
not equal to that of the preceding 
Yhrce years. 

• y.- 

• Railway Expenditure 

In view of the fact that, speaking , 
generally, railway working expense# 
have increased in all parts jg| 



r jid, it is not surprising to find that 
Indus there 0 has .Been ^ui increase 
of some significance^ The percentage 
of expenses to gross earnings of all 
Railways in 1921-22 was 70.22, this 
comparing with 05.54 the preceding 
year, an increase Of 10.08 per cent k 
This is all the more serious when it 
is consider^ that tlte ratio in pre-war * 
days ranged about* 52 [>er cent, 
and indicates an avtnue to be ex* 
plored with thoroughness in any 
attempt to improve the ^railway 
situation. In India, many lines 
are worked on a very najvow margin 
of profit, and it is obvious that the 
maintenance <»f such a high ratio of 
working # ex ponses cannot l>e viewed 
with’ equanimity. # 

Expenses Distribution 

An analysis of the distribution 
of the expenses on all railways 
between the various spending depart- 
ments shows that nearly half the total 
increase occurred in the Locomotive 
Department alone, this being due 
primarily t\> the high cost of fuel. 
Altogether, Locomotive Department 
expenditure in 1921-22 was Rs. 2o.42 
crores as against Rs. 20.88 the 
previous year, Engineering expend- 
iture advanced from Rs. 11.95 crores 
in 1920-21 to Rs. 14.33 last year, 
and from an analysis of the differ- 
ent classes of expenditure it is 
apparent that heavy renewals of 
rails, sleepers and bridges are largely 
concerned. 

On this question of expenditure 
the Administration Report very 
closely analyses the various items, 
and endeavours to show precisely 
the cause for the increases. This 
section is extremely well done, and 
one need have # Jittle hesitation in 
subscribing to the conclusion that, 
on the result of the analyses, there 
is good jeason to hope that a good 
deal of the w&rking expenses will 
gradually disappear as the liifcs are 
brought back into normal condition. 
A final note is made as to the rise 
iu the wages bill, and attention is 
called to the fact that every railway 
in India has n?w, under the Railway 
Board's instructions, adopted systent- 
atic measures (by # mcans of Retrench- 
ment Committees or otherwise) to 
prepare and carry out a regul&r 
c ampaign of economy in every phase 
of railway expendit u re. Good result s 
la^j^ted from this development. 


Indian! sation of the Railway 
Sendee 

Space considerations prevent any 
further elaboration of the many 
other interesting features in the 
Report. In a subsequent article, 

•I shall deal iu detail with the new* 
sections which outline the extent and 
scojk.* of the development work pro- 
jected and in hand ,• and from that 
description shall draw conclusions 
as to future progress* Meanwhile 
it will be sufficient to say that the 
Repo 1 1 contains two instructive sec- 
tions dealing with Railway Staff 
and Railway Materials respectively. 
The latter will Ik.* reviewed in my 
next article, but it may here he 
added that, as indicated in mv 
survey of the previous year’s lvpoit, 
the Indianisation of the . railway 
service is steadily progressing. As 
compared with 729,789 Indians*eni - 
ployed on the railways of India in 
1920-21 there Were last year 735,789, 
while the corresponding figures ‘>1 
Kurojieans and Anglo-Indians showed 
decreases in the former case of 
4(H) to 9,858 and in the latter ease of 
1(H) to 11,831. 

In this connection it is important 
to note that during the Delhi session 
of 1921-22, the following Resolution 
was adopted by the Council of 
State : 

“ The council recommends to 
the Governor General in Council 
the necessity of taking early steps 
to increase the number of Indians 
in the higher grades of service of 
the State- managed railways, and 
of devising means to secure the 
adoption of a similar policy bv 
Companies managing State Rail- 
ways.” 

The Government, in accepting this 
Resolution, explained that they had 
already accepted the policy of gradu- 
ally lndianising all the public services, 
and stated that the policy would be 
applied to the higher railway estab- 
lishments wherever possible, subject 
to making efficiency the paramount 
consideration in railway matters. 
Much has already lx?en done in the 
way of lndianising the superior estab- 
lishments of State- worked railways, 
as 25 per cent, of the Engineering 
officers, 25 per cent, of the Superior 
Traffic Department and 8 per cent, 
of the Superior Stores Department 
are now Indians. So far as the Loco- 
motive and Carriage and Wagon 
Departments are concerned, it has 
only been possible to make a small 


beginning, owing to Hhe lack of 
facilities for proper training in the 
country/ Extensive schemes for the 
training of mechanical engineers are, 
however, now under consideration. 
The Report, it may incidentally be 
added, gives a certain amount of 
space to a description of the training 
facilities already provided, and in- 
timates that an experienced officer 
^investigating the whole question of 
the training of Indians. 


I am drawing to the limits of iny 
allotted space, and must at this 
point leave further review of this 
able Report to a subsequent article, 
Let me, lyiwever, place on record 
my l**lief that in this, the last, 
Rtqiort issued by the Indian Railway 
Administration, they have really 
reached down to the problem, and 
have published a lucid, interesting 
and comprehensive statement of tin; 
Indian railway position. As usual, 
the Report is in two section?, one of _ 
84 pp. with maps, and the statistical 
appendix of 237 pp. The latter is 
of great importance to the keen 
student of railway affairs, but the 
former is the document of special 
interest. Its price is Rs. 3-8, and all 
those interested at all in Indian 
Railways would be well advised to 
purchase a copy. In fact, were^ I 
in a position to do so, I would insist 
upon the Railway Board printing 
Volume 1 in pamphlet form, and 
circulating it broadcast among the 
users of the railways. It would not 
only disarm criticism, but would 
tend to give the man-in-the-strett 
information as to railway diflicultiis 
and the manner in which they are 
being met that could not be other- 
wise than to the common g<x>d. 
I'ew Reports are as complete, none 
more interesting, and when I say 
that it is equal to, if not better than 
the yearly reports of the South 
African Railways and the Japanese 
Railways, there could be no higher 
praise. 

A final word. There is no need to 
despair of the future of the Indian 
Railways. They have large expen- 
ditures to face in order to bring 
their lines and equipment to the 
required standard, but once this 
has been done, the traffic* develop- 
ment that will assuredly follow should 
prove abundantly sufficient to show 
full justification for this course, w 
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fate which befell the plantations of 
madder, and, so far as can be fore- 
seen, they are not likely to suffer 
great disaster. The reason for this, 
however, lies outside the control of 
the chemist, and is to be found in 
tlje scarcity and cost of the raw 
material used in tin* manufacture. 
The source of the raw material is 
oil of turpentine, an essential </fl 
which is produced in trees belong-# 
ifig to the different speeies^d pine, 
and which is not only restricted in 
quanity, but is also subject to in- # 
crease in price. Tljg synthetic 
camphor, therefore, has not been 
able to displace the natural, but it 
has prevented an excessive rise in 
the price of the compound. 

Very different from the dyes, 
drugs, and other synthetic products 
just described, is a remarkable ma- 
terial which we owe to the American 
chemist, L. II. Baekeland, and 
which has, in recent years, acquired 
a very great industrial value. On 
warming together phenol (carbolic 
acid) and formaldehyde- obtained 
by the oxidation of methyl alcohol 
or “ wood spirit,” and sold, in 
solution, as a disinfectant under the 
name of formalin along with a 
little ammonia, which hastens the 
reaction, a thick gummy mass is 
produced. When freshly prepared, 
this gummy material can be dis- 
solved in alcohol, acetone, and 
other similar solvents, but on being 
heated to a temperature of over 
100 deg. C., of 212 deg. 1\, it 
changes into a hard, resin like solid, 
to which tlie commercial name of 
bakelite is given, llakelite is an 
infusible material, and insoluble in 
all solvents ; it is not a fleeted by 
alkalies or acids, and may even be 
boiled with dilute sulphuric acid 
without undergoing change. It is 
an excellent insulator for electricity, 
atld finds, in consequence, perhaps 
its most important applications in 
the electrical industries. Bakelite 
may be employed for a great variety 
of purposes— as a substitute for 
amber in pipe-stems ; for making 
billiard balls, the elasticity of bake- 
lite biting nearly equal to that of 
ivory ; and for making buttons, 
knobs, knife-handles, and many 
other articles for which bone, cellu- 
loid, ebonite, or other material is 
at present employed. It is not so 
flexible A celluloid, but it is mofle 
durable, is not inflammable, and is 
less expensive. Woodf impregnated 


with the initial liquid material, and 
then heated, becomes coated with 
a hard enamel-like layer, equal to 
the best Japanese lacquer ; and 
metal articles, similarly, can he 
covered ftith a hard and resistant 
coating. 

• • 


Engine Indicators 

The last meeting of the Institution 
of Mechanical Engineers was devoted 
to a symposium on “ Indicators,” 
four pajHTs lx*ing presented on the 
subject, dealing particularly with the 
application to high speed petrol, gas, 
and oil engines. 

Mr. Pend red, in the first paper, 
gave a survey of the history of the 
indicator, and dealt particularly with 
the work of Osborne Reynolds about 
forty years ago on the inherent in- 
aocuiucics of the steam engine indi- 
cator, due to inertia, piston friction, 
the vibration of the spring, and other 
similar influences. The possibility 
of errors of say 5 per cent, on ail 
indicators running at over 300 revo- 
lutions i>er minute is of course 
admitted. 

In another paper Mr. Collins de- 
scribed in detail his well-known 
" Collins "continuous micro indicator, 
already mentioned previously in these 
Notes, in which the instrument— of 
the cylinder and piston type— gives 
continuously a tiny series of indicator 
diagrams on transparent celluloid, 
which are read with a low power 
microscojie, and is of particular value 
for indicating very high sjieed engines 
of the motor car and aircraft type. 

Mr. Wood, of the Government Air- 
craft Engine Research Section, then 
described a sjx'cial electrical indicator 
of the " balanced ” ty]H», as used 
specially for aircraft engines, of 1,500 
revolutions per minute. In this 
special type of indicator the varying 
pressure in the cylinders is not re- 
corded directly as usual, but the time 
is taken when the pressure balances, 
a known standard pressure, and by 
gradually increasing this pressure a 
series of time records is obtained com- 
prising the whole range of pressure in 
the cylinder, although each pair of 
records belongs, of course, to a differ- 
ent engine cycle. A complete record 
can, however, be taken in less than 
ten seconds. The instrument is very 
difficult to describe in a few words, 
but the essential principle consists in 


the balance point being indicated bv 
the pressure in the cylinder (jfting A 
valve controlled b*y a known and con- 
trolled air pressute, and tlfe motion 
of this valve breaking an electric* 
circuit causes a spark which per- 
forates a sheet of paper on a rotating 
• drum, a series of such perforations 
giving the diagram. # 

The last and most interesting paper 
wjas that by Professor F. W. Burstall, 
who gave a derailed account of his 
new optical indicator, designed more 
especially for medium speed high 
compression gas* engines. This in- 
dicator is qj the piston type, and is 
designed so r as to embody th£ four 
essential principles of geometric fit- 
tings (so that accuracy does# not de- 
pend on workmanship), water cooling, 
efficient lubrication of the piston with- 
out taking the indicator to pieces, and 
metallic bodywork throughout to 
eliminate possible minor errors due 
to the splitting of wood. It is also 
very difficult to describe this in- 
genious and accurate type of indicator 
in a few words, but the spring is made 
of one piece of tool steel, and the 
working portion is tapered to give* it 
uniform strength, being attached to 
the top of the piston rod by a ball 
and socket connection. The piston 
is slightly barrelled to prevent it 
sticking, and the area is 0.125 square 
inch, the total load being 75 lb. at 
the maximum pressur. of (100 lb. per 
square inch, for which the indicator 
is designed, the movement of the 
piston being 0.08 inch. The cock 
lx)dv and plug are water cooled, and 
the instrument is provided with a 
hand-operated lubricator. The source 
of light is a Pointolite " lamp, the 
illumination being given by an in- 
candescent metallic ball. The beam 
of light passes through a special 
diaphragm formed of two pairs of 
steel plates with polished edges on 
to a mirror attached to the end of 
the indicator spring, and is reflected 
to a second mirror oscillated by a 
quadrant arm connected to the engine 
piston by means of a long light wire 
and lever. The ray of light, "indicat- 
ing the cycle of movement, is passed 
on to a photographic plate, the 
special diaphragm arrangement con- 
fining the light ray so that it forms 
a single and definite pencil of light, 
giving a clear and sharp record on 
the photographic plate, which is de- 
veloped as usual. , The subject of 
indicators is of particular interest, 
since the Institution of Mechanical 
Engineers is about to undertake a 
research on the working of oil 
engines. 
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loid quinine. Strangely enough, the earliest days. Ifor thousands of sweet-smelling substances, often at 
discovery of the antipyretic proper- years the volatile substances to only a fraction .of toe cost of 
ties of antifebrin, a compound de- which the different flowers and natural product* has led a great 
rived from acetic acid and aniline, plants owe their odours have been extension in the use of such sub- 
and known in chemistry as acctuni- prepared* by distillation or by ex- stances, more especially for tficf 
lide, was due to a mistake on the traction by means of solvents. But perfuming of soaps, creams, and 
part of a laboratory boy who sup- in the past thirty or forty years the t other toilet materials, 
plied this substance in mistake for Secrets of Mature have been largely # We have already seen how the 
naphthalene. During a pharma unravelled, and the chemical labora- •synthetic production of .the colour- 
cological investigation of the sub- tory has become odorous as a garden ing matters alizarin and indigo have 
stance, its strongly aiitifebrileaction and tilled with the perfumes of .produced vast * economic changes 
was detected, and from a client kid violet and rose, heliotrope, lilac, by the more of less complete super- 
analysis, it was learned what th<* hyacinth am? orange blossom ; and session of the natural by the syn- 
substunee really was.* Th% success from the stills of the chemist there thetic dyes. In the commercial 
of this first synthetic antipyretic also flow liquids whose flavours production of 'camphor we have 
soon led to the preparation amf imitate those of the apple, pear, another ilfcstrutiou of the success- 
systematic study of 9 the physio pineapple, and other fruits, and ful synthesis of an important nat- 
logical action of a large number of which, in consequence, find applica- ural product, without, however, the 
other substances, but although him- tion as artificial fruit essences, same disastrous consequences to the 
<1 recta, indeed thousands, of these Although in a number of cases latter. 

have been found to haw* a certain these perfumes and flavouring ess- Camphor, out* of the most familiar 
medicinal value, only a few have, ences merely imitate the products of substances, has been produced 
by their special properties or effect- of Nature, in other cases the for many centuries in’ Japan, Bor- 
iveness, obtained a place in actual chemist has succeeded in preparing neo, Formosa, and other regions of 
practice. Among synthetic drugs, the identical substances to which tht* Far Fast. It is found chiefly 
however, there exists a ceaseless the flavour of the natural fruit or in the leaves of a species of the 
competition, and antifebrin has the perfume of the growing flower laurel tree, the Taurus camphora, 
been largely superseded by newer is due. from which it is obtained by dis- 

and better drugs. Antifebrin, as we One of the first of these natural tilling the leaves or other parts of 
have seen, is derived from aniline, substances to be prepared by the the tree in a current of steam. The 
and is liable to undergo decnm- chemist was the substance coum- camphor, being volatile, passes over 
position in the body, giving rise arin, the odoriferous principle of with the steam and can be con- 
again to aniline, which exerts a the sweet woodruff (Asperula odor- densed in cooled vessels, 
toxic action ; and the continued use ata), a fragrant substance used in Camphor has for long been a 

of the drug is therefore dangerous, the preparation of the perfumes highly valued substance on account 
By slightly modifying the composi- known as Jockey Club and New- of its therapeutic, disinfecting, and 
tion of antifebrin, however, another mown Hay. This synthetic prepar- other properties, but the demand 
compound, the well-known phena- ation of a natural odoriferous prin- for the compound has been very 
eetin, is obtained, a substance ciple was speedily followed by the greatly increased in the past forty 
which possesses the valuable anti- preparation of the flavouring ma- years owing to its employment in 
pyretic properties of antifebrin, but terial, vanillin, the active principle the manufacture of celluloid or 
is much less toxic. occurring in the vanilli bean. This xylonite, and of explosives. Japan 

One other synthetic drug of which substance is now manufactured had, therefore, a valuable source of 
special mention may be made is the from toluene, as raw material, and revenue in her practical monopoly 
anti-rheumatic, aspirin, a derivative is of great commercial importance, of the production of camphor, 
of salicylic acid, which is itself a To these earliest synthetic products through her possession of the plan- 
therapeutic agent of value, and is numerous others have since been tations of the camphor-tree in 
prepared from the coal-tar product, added, so that the main odoriferous Formosa, the extent of which, in 
phenol or carbolic acid. Owing, principles of oil of wintergreen the years following the Russo- 
however, to the large amounts of (methyl salicylate), oil of bitter Japanese War, she very greatly 
phenol used in different depart- almonds (benzaldchyde), hawthorn increased ; and thra monopoly she 
merits of synthetic chemistry, the blossom (anisic aldehyde), lily of possessed she sought to exploit to 
amount obtained from coal tar is the valley (terpineol), ambergris its utmost. 

quite insufficient to supply the de- (amgrein), and others, can now be But the substance had Ion** 

mands, so that phenol itself is now prepared artificially. In the case attracted the attention of chemist! 
largely manufactured from coal-tar of other synthetic compounds we and in spite of the difficulty of th 
benzene. have substances which, while not problem, its molecular constitutio 

identical with the natural per- was at length unravelled, and th 
» Synthetic Perfumes fumes, closely resemble them, and compound prepared syntheticall 

If the synthese of colouring are employed in large quantities, in 1903. '1'wo years later, syntheti 
matters and of drugs constitutes either as substitutes for the natural camphor, identical *in all respect 
an achievement of the greatest im- perfumes orjor blending with them, with the substance produced in th 
Yxnrtance, the significance of which Of these fne most important are camphor-tree, was placed on th 
is all top little realised, scarcely less ionone, or imitation violet, imita- market In competition with th 
notable are the successes of *the tion musk, and imitation oil of natural product, 
chemist in the syntheses of tho.se bitter almonds, or “ oil of mirbane” But the Japanese camphor plat 
natural spices and perfumes, which (nitro-benzene). tations have hitherto escaped th 

have been valued by man from the The synthetic production of (Continued on page 576). 'vv' ; 
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BETWEEN OURSELVES 


AT the annual meeting of the 
Manchester Chamlier of 
La Commerce, held in Feb- 
JL JL ruary last, a most lucid 
• and pregnant address was 
delivered by the President, Mr. \V. 
Clare Lees, J.P. Jle frankly 

declared that the fortunes of the 
Lancashire cotton trade were in- 
separately bound up in the welfare 
of India, and stated that the troubles 
of India, not le^ than those of Lan- 
cashire, dated back to the ill-starred 
attempt to fix the exchange value of 
the Rupee on the basis of 10 Rupees 
equal to one golden sovereign. Here 
are his words : — • 

“ The Indian Government had 
maintained the Rupee for many years 
before the war at one and fourpcnce. 
The process of •selling Council and 
Reverse Council drafts had worked 
so well, that when the disturbing in- 
fluence of the fall in the value of the 
pound sterling and the ri»e in price of 
silver sent the Rqpee up to well over 
two sliillings, the temptation to at- 
tempt stabilisation overcame the dic- 
tates of ]jrudence. The attempt was 
short lived. The balance of trade 
which had been for many years in 
India's favour, went heavily against 
her, and in a few months the Rupee 
was back at one and ^ourpence. . But 
those few months were hig with fate 
for Lancashire # trade in gene raj, and 
Manchester merchants in particular. 
Heavy purchases ^it very high prices 
had been entered into on thp assump- 
tion that the two shilling Rupae 
would* be maintained. When the 
goods which represented those pur- 
chases arrived in India, the market 


was falling, and a heavy loss, not only 
on exchange, but also in market 
values, was assured, with the result 
that wholesale repudiation of con- 
tractual obligations was attempted. 
Merchants have extended long accom- 
modation and great help to Indian 
importers, but it is impossible that 
this incident which has brought loss 
and ruin to so many people can avoid 
having serious effects on the trade in 
the future. The confidence that con- 
tracts would be honoured has been 
shattered, and years of cautious 
trading will lx? required to re-establish 
it. Those who, under adverse circum- 
stances, have done their best to stand 
by their contracts, will find that 
effort on their part a great asset in 
the future. It will enhance their 
reputation and increase their credit 
perhaps more than they at present 
realise. The immediate cause of the 
breakdown in Indian finance was the 
fact that a large and constantly 
favourable trade balance which before 
the war had been represented by 
an excess of exports over imports 
amounting to approximately seventy 
crores of Rupees, was suddenly 
changed into an excess of imports 
amounting to eighty crores. This 
was created by the disproportionate 
increase in the cost of manufactured 
articles which India imports in re- 
lation to the price of raw materials 
and food stuffs which she exports, 
coupled with the restriction of her 
European markets. The balance is 
now turning once again in her favour ; 
Nature is intervening to correct the 
mistaken actions of man. 


" The whc?at crop this year is 
estimated to yield forty-live million 
quarters, jls compared with thirty- 
one millions last year. The monsoon 
has been satisfactory, and India tyill 
again be in a position to export 
wheat. From May, 1920, to June, 
1922, the balance of trade was 
against her every month, but from 
March last year she has had a surplus 
of exports every month with only two 
exceptions. 

" Thus, conditions necessarily pre- 
cedent to a revival of trade are being 
established from ail economic stand- 
point, the one great obstacle so far 
as the cotton trade is concerned, 
being the fact that many of the old 
outstandings are still to he met, and 
a certain amount of the shipments 
still to be cleared. Let us hope that 
the desire on Ixith sides to make a 
fresh start under more auspicious 
circumstances will lead to a more 
speedy settlement than has been 
possible up to the present. 

“ A great increase in the pro- 
duction and consumption of goods 
made in the Indian mills coming 
simultaneously with the diminished 
purchasing power of the population, 
has aggravated and postponed the 
recovery of Lancashire trade. . In the 
years immediately before the war the 
Indian consumption of cotton* piece 
goods was over four thousand million 
yards. Out of that total we sent from 
this country nearly three thousand 
million yards— -being seventy per cent, 
of the total consumption. Foreign 
countries supplied between eighty and 
ninety million yards, or about two 
per cent., leaving the balance of 


approximately one thousand two 
. hundred rniKion yards to lx* supplied 
by the Indian mills. In tlx* year 
ending March, I ‘.>22, a clfange had 
taken place which accounts in a large 
measure tor the short time wc # havc 
been working in this country. Instead 
of consuming over four thousand mil- 
lion yards, the consumption drnp|x*d • 
to two thousand eight hundred mil- 
lions, whilst at the same time the 
production of the Indian mills in- 
creased by 4a per cent, to over #ne 
•thousand seven liundred million yards 
*> leaving the whole burden of tlte 
restrictive consumption vthich was 
aggravated bv this increased domestic 
supply to lx* borne by this country. 

44 The effect of this lfas Ix en felt by 
every man and woman in Lancashire. 
Translated into figures, it means that 
whilst we formerly supplied upwards 
of three thousand million yards a 
year to India, we have ship|x*d during 
that period less than one thousand 
million yards. Put. in another wav, 
this loss of trade is equal to nearly 
two full days work a week for the 
entire trade for twelve months. Thus 
we see that onr whole fortunes are 
bound up in the recovery of the Indian 
market, and the purchasing power of 
her teeming millions, Grave as these 
figures arc, they have in them encour- 
aging thoughts also The Indian mills 
have been fully occupied whilst we 
have been slack ; it is reasonable to 
expect that the bulk of the increased 
demand which must surdv come will 
lx* for the production of this country. 

If we strike a balance vve can put it 
this way. We lost a trade equal to 
two thousand million yards a year. 
Five hundred million yards of that 
is probably |>ermaiient loss, native 
production having taken its place 
for tile time lxing. That leaves one 
thousand live hundred millions which, 
if the people of India could afford to 
buy, they would buy from us. It is 
our turn next. In view of the fact 
that the balance of trade is once 
again in favour of India, we can 
confidently ex|xet a gradual increase 
in her power of purchase, and that 
will he reflected in an increased de- 
mand for Lancashire goods. 

” From this necessarily cursory and 
incomplete review of the general trade 
of the country, it will lx* seen that so 
fur as the cotton trade is concerned, 
the volume of exports both in yarn 
and piece goods made a notable re- 
covery from the low point touched in 
H>2I. Had that increase Ixvn main- 
tained, *>ml the same vehx:ity of im- 
provement continued, we should hav<f 
been facing Iff2it with equanimity. 


Unfortunately, we are suffering a 
temporary set-back, largely due to 
the high price of our raw material, blit 
the fact that world stocks cannot lx* 
large, coupled W'ith the improbability 
of iower^rices in the near future, must 
give confidence to overseas buyers. 
The increased purchasing power of 
our principal customer. India, coupled 
with the gradual fall in the cost of# 
living in that country to which the 
Viceroy has recently referred, will, I 
have little doubt, make itself manifest 
as the year #oes on. Let us hope that 
it will be in sufficient volume to 
insure employment to our work- 
people and an adequate profit to all 
concerned. Meanwhile, those who 
are engaged in the cotton trade are 
not so selfish as to grudge the un- 
doubted signs of recovery in other 
leading industries. I believe that 
tendency will continue.” 

AAA 

Third Class— No Class 

Sc » m tc months ago we received for 
review a copy of the Servants of India 
Society pamphlet No. Iff on ” Rail- 
ways and the budget, ” by “ Kcon- 
omy." We have studied this pamph- 
let with more than usual care, and 
the one thing which strikes us more 
particularly than any other is the 
authors plea for better third class 
railway facilities. We may regard 
the official view as somewhat as 
follows : — “ That Indian railway fares 
have always been among the lowest, 
if not actually the lowest, in the 
world. ’ Consequently, during the 
abnormal war period, in order to 
make “ the railways pay their own 
way,” it Ixeame necessary to increase 
the passenger fares. But while, says 
Kconomy,” the first class fares were 
increased only 4<S per cent., the third 
class fares were increased 70 per cent. 
Now obviously when we consider the 
question of railway fares, we must 
also consider the means of those who 
have to pay them. Consequently it 
Incomes a matter of comparing wages. 
Thus we find that in America an un- 
skilled labourer, by spending one 
day's wages, can travel over sixty- 
three miles, whereas in India the same 
class of worker, by spending one day's 
wages, can only travel ten miles. Thus 
vve find that “ the burden whicl^ falls 
on the third class passenger in India 
is unequal not only in comparison 
with the lowest class passengers of 
other countries, but also in com- 
parison with the higher class pass- 
engers in India itself.” But ” Econ- 
omv ” goes further, and he declares 


that the third class passenger in India 
has to suffer the inconvenience aftid 
discomfort of overciWding, a \sXk^ 
of sanitary conditions , on long 
distance journeys, a dirty con- 
dition of third class carriages, # a 
lack of water supply on station plat- 
forms, inadequate food supply ar- 
* rangements, a want of waiting rooms, 
insufficient booJcing-offi<je facilities, 
and uncivil treatment by the railway 
#>taff. The first class passenger enjoys 
ample accommodation, electric light 
and fans, cushioned seats, clean and 
commodious bath rooms, dining cars, 
riehly furnished waiting rooms, up-to- 
date railway hotels, and nymerous 
other facilities. Naturally one would 
think that the railway companies 
were earning tlieir revenue from the 
first class passengers alone. Yet, 
according to “ Economy,” the work- 
ing of a first class railway carriage," on 
the broad gauge railways, at any rate, 
is carried on at a loss, whereas the 
third class carriage is earning a 
lively profit. Indeed, in India, ihc 
third class affords the backbone, if 
not nearly the whole body of the 
coaching receipts, and, so far as 
profit is concerned, there would be 
no great loss if first class were abol- 
ished altogether. In spite of all this, 

” Economy ” quotes statistics to show 
that, apart from the abnormal war 
period when a proper relationship 
between supply and demand could 
not be maintained, accommodation 
has not been provided for the in- 
creased number of passengers, fares 
have been kept up at high levels, and 
discomfort upon discomfort and in- 
convenience upon inconvenience have 
been piled upon that milch-cow— the 
third class passenger. There is no 
monopoly in the world so far reaching 
and cruel in its scope and operation 
as a railway monopoly, and this is 
particularly true in India, where there 
exists a hybrid system of State owner- 
ship and company management, with- 
out a precedent or contemporary 
parallel in the rest rff the world. The 
companies work the railways, but do 
not own them ~ the Government owns 
the railways, but does not work them. 
Smali wonder that these evils fall with 
such severity on the poorest pass- 
engers, who travel third class because 
there is no fourth class, and who are 
left, therefore, without comforts and 
without conveniences* Under stress 
of necessity they are compelled to 
resume their deferred journeys at 
g<xtra railway fares, and the thitsl. 
class passengers are thus driven 
fill the coffers of the Government by 
( Continued on pa%e, 614.) 
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INDUSTRIES 

Conducted by FRANK DAWSON 


Yms MONTH WE DEAL WITH THE PLANT * REQUIRED IN A BISCUIT 
FACTORY AND WITH THE PROBLEM OF POWDERED COAL FIRING 


Biscuit Making 

» * . * 

This article has been prepared from particulars kindly supplied by 
Mesirs. Joseph Baker, Sons & Perkins Ltd., London , and we are also 
indebted to the same firm for supplying the whole of the illustrations 


T HE manufacture of biscuits 
is a blend of craftsmanship 
and mechanism. The crafts- 
man mixes the dough and 
chooses the ingredients from 
which the appetising biscuit comes, 
but he realises that he is forced to 
rely upon ingenious and complicated 
machinery to produce his biscuits at 
a commercial cost. No one can write 
adequately of the part played by the 
craftsman. A description of the 
machinery in use in biscuit factories, 
however, will, we think, be of interest 
to our readers. 

A firm which ranks high for effi- 
ciency and workmanship is Messrs. 
Joseph Baker, Sons & Perkins Ltd., 
whose machinery is used in every 
country of the world for food pre- 
paring purposes, especially for bis- 
cuits, bread, chocolate, atyl con- 
fectionery. We are indebted to them 
for the information upon which this 
article is based, and for the photo- 
graphs which accompany it. 

The manufacture of biscuits is 
divide^ into five main processes 

(1) Mixing the dough. 

(2) Rolling the dough mto sheets. 

(3) Cutting the # sheets into bis- 
cuits # 

(4) Baking. 

(5) Packing. 

There ar? a number of extra pro- 
cesses, most of which aim at #the 
decoration of the final product, e.g. t 
chocolate coating, icing, sandwich- 
ing, etc., etc. . 

Let us therefore consider the var- 
ious processes, and briefly discuss the 
machinery for dealing with them. 

Mixing . — The flour and sugar are 
gifted by machines <5n the floor of the 
room, and pass down a chute 
' miSthe mixer. The other ingredients, 
jucli as $at, milk, ammonia, etc., are 
added direct into the mixer by hand. 

/ v ;-> : Y ' -r*^ § '• r > V • 


There are two forms of mixer — one 
for “ soft ” doughs, the other for 
“ hard.” The difference between a 
hard and soft dough lies in the pro- 
portions of sugar and fat in a mixing, 
e.g., with a 280-lb. sack of flour a 
hard dough would contain up to 
50 lb. of sugar and 00 lb. of fat, 
and a soft dough over IX) lb. of sugar 
and under 80 lb. of fat. The hard 
dough is elastic, but the soft is not. 

The soft dough mixer is illustrated 
on next page. The mixing blades are 
mechanically raised or lowered into 
the removable mixing tub. It takes 
this machine about twenty minutes 



Cylindrical Hard Dough Mixar 


to mix the average soft dough 
Mechanically, the point of chief 
interest is the worm gear which 
runs in an oil bath in the head drive. 
This makes for silence and efficiency. 

The hard dough mixer is cylindrical, 
with “ U " shaped arms revolving at 
right angles to the spindle, the 
cylinder remaining stationary. A 
mixing in this machine takes any- 
thing up to 1 J hours, according to 
the consistency of the dough. The 
mfritig drum tjtt* over to throw .the 


finished dough into a trough, which, 
like the movable tub of the soft 
dough mixer, is wheeled to the brake. 
(For batters for drop biscuits, mix- 
ings are made in special machines of 
whisk-like character.) 

Rolling Out.— The brake consists 
of a pair of heavy steel rolls with 
reversible motion, with a table on 
either side. The rolls are adjustable, 
so that the dough may be reduced 
to any required thickness. The dough 
is passed backwards and forwards 
through the rolls until the right 
thickness and surface skin is ob- 
tained, and the sheets are then 
passed by hand on to the feed table 
of the cutting machine. 

Cutting. — The latest type of cutting 
machine is illustrated on the next 
page. Here the sheets are fed into 
the first set of gauge rolls (whose 
primary function is the joining of 
the sheets), and on to a web which 
feed in turn into a second pair of 
gauge rolls. The latter put. a. fine 
surface on the dough, and eliminate 
all traces of the join. Thence the 
dough passes on a web which is 
moved forward by the action of 
ratchets and pawls in the skips 
necessary for the size of. biscuit 
which is being produced. This carries 
the dough under the cutters. The 
action of the cutter is as follows : — 
The actual cutter “ cup,” type for 
printing, and “ docker -pihs ” for 
making the holes, are so set pi re- 
lation to one another that they all 
perform their functions on the dxmtp 
ward stroke. When the cutter begins 
its upward stroke, an ejector plate 
removes the biscuit if it is sticking, 
the plate is picked up by the cutter 
head, and the whole set of cutters 
completes the upward stroke. The 
cutting and stamping is done by an 
; eccentric, and the ejection by weight. 
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Some Recent Developments of Powdered Goal Firing 

• • 

BY J. 8. ATKINSON 0 


A N engineer recently commenced 
a paper on fuel economy 

/ % and kindred subjects by 
jL. ^ stating thlt lump coal 
should, for economic rea- 
sons, be obtainable at a lower price 
than very line or dusty coal of the 
same heating value. H?? made this 
statement because, in his opinion, 
coal in the form of fine powder was 
nearer to the form when it could be 
burnt with the highest efficiency. If 
this statement is true — and the author 
believes it is— the question arises as 
to whether we shall, in our time, see 
coal mined by machinery and brought 
to the surface in the form of powder. 
On this question the author would 
not like to express an opinion ; at the 
same time, when it is considered that 
most of our great industries rely upon 
a low-priced fuel, this question should 
receive most serious consideration. 

It may not be beyond the ingenuity 
of man to devise some mechanical 
means for winning coal in this way 
and bringing it to the surface very 
much more cheaply than is the present 
practice. The author would not sug- 
gest that all, or even the majority, of 
our industrial coals should be burnt 
directly in their powdered form and 
all the valuable by-products lost, but 
such will be done with very many of 
the low-grade fuels, whilst in the 
majority of cases the better grades 
will be treated by some successful 
form of low-temperature carbonisa- 
tion and the residue burnt in its 
powdered form. Here, again, the 
author would like to qualify his state- 
ments by saying that he does not 
consider that all industrial furnaces, 
either toiler or for heat treatment, 
should be fired by powdered fuel, but 
that in some cases gas and even oil 
will hold their own. 

The preparation and utilisation of 
powdered coal may be divided under 
the following headings : (1) Drying — 
where this is necessary ; (2) pulver- 
ising ; (3) burning ; and (4) the re- 
moval of the incombustible residue. 


Drying 

This operation has been the cause 
of a good deal of controversy. On 
the one hand, the removal of the 
moisture in a fuel in a combustion 
chamber at a very high temperature 
has been considered unnecessary when 
it can be driven off at a moderately 
low temperature in a dryer. On the 
other hand, the utility of drying coal 
in an inefficient dryer when it can be 
done in an efficient furnace also has 
been questioned. 

Dryers of many types have been 
designed, but the rotary dryer seems 
to have been the one that has held its 
own. It is simple in construction, has 
a low maintenance cost, does not re- 
quire much power, whilst its effi- 
ciency, though low, will compare 
favourably with other forms when all 
sides of the question are considered. 
The efficiency of the rotary dryer 
varies from 50 to 70 per cent. The 
latter figure may be on the high 
side. 

Those at present available include 
the direct and indirect-fired types. 
The power required for driving a 
rotary dryer is quite small, as the 
shell rotates very slowly, requiring 
about 2 h.p. for a machine treating 
2 tons per hour, 4 h.p. for 6 tons per 
hour, 7 h.p. and 10 h.p. for treating 
14 and 25 tons per hour respectively. 

Several precautions should be taken 
when considering the installation of a 
dryer of this nature. In making a 
selection, it is better to choose one on 
the large rather than on the small 
side. When it is small for its work, 
it dries the coal at too high a rate 
and the coal is discharged at the dry 
end, deprived of some of its volatile 
content. A present-day dryer is a 
somewhat cumbersome and hot blin- 
der ; a good deal of radiant heat is 
given off, rendering the immediate 
vicinity uncoinftflFtably hot. There- 
fore a suitable position should be 
carefully chosen. 

The capacities and sizes of some 
American dryers are as follows : — 


Dimensions, 
ft. in. ft. in. 

3 0.x 3« 0 

4 6 x 30 0 

4 6 x 42 0 

0 0 x« 42 0 

0 6 x 42 0 

The author °has watched the de- 
velopment of a rotary dryer winch 
has aimed at diminishing the dimen- 
sions given above. British practice 
demands dryers of dimensions some- 
what larger than these, owing to the 
higher moisture content of British 
coals. American coals are usually 
much drier. When first trying to re- 
duce the overall dimensions 6f a 
rotary dryer, the firm with whom the 
author is associated developed a dryer 
on a horizontal axis, making use of 
veins running in a helical manner 
along the shell. These veins were 
broken, and lifting plates were placed 
between them. In this way the coal 
was detained for a longer time in the 
dryer-casing, and some advance was 
made towards a reduction of the 
overall dimensions. 

A further system of drying is now 
being studied, the dryer being very 
much smaller than any of those re- 
ferred to in the foregoing. The pro- 
posal is to make use of sensible heat 
from the boiler combustion chamber 
as the drying agent. Gases will be 
taken from ( the chamber, diluted with 
atmospheric air, until the resulting 
temperature is belfrw the flasji-point 
of the coal, but much higher than 
current drying practice, and passed 
through a rotary dsyer of* restricted 
size. ^ After the gases have functioned 
as a drying agent, they will be 
exhausted from the dryer by means of 
of a fan, and returned again to the 
combustioi^chafnber, through, or near, 
the burner. In this way, high-tem- 
•perattire gases may b£ used for drying, 
thus reducing the time factor and the 
size of the dryer, whilst any dust which 
is carried through, or any volatiles 
which are driven off from the coal, 
will be burnt in the combustion « 
chamber near* or at, the burner. 


The following article raises the question as to whether we slyill, in our time , se& 
coal mined, hy nuithinery and* brought to the surface in the* form of powder . 
Since our great industries rely upon the obtaining of a low *priced fuel, such a • 
question should receive most serious consideration, and at least there is np 
reason why coal should not be brought to the surface very rftach more cheaply 
than by preterit practice if improved mechanical devices are adopted . 


Tons per hc^ir. 
4 f.. 

10 

20 

25 



'This, the author believes, is an 
entirely new departure in drying, and 
Jfte invention has been ccwered by a 
Provision^ Patent. # 

With regard to recent developments, 
fhe tendency 4 towards either the en- 
tire elimination of any form of dryer 
or reducing the size*of this apparatus 
to a minimum. There are many in-* 
stattations % gf unit, pulverisers em- • 
ploying no dryers at work in this 
country and on the Continent. 3 • * 

Pulverising 

The problem of pqjve rising* is very 
closely connected with that of dryifig. 
.There are several mills of the grinding 
type, the makers of which specify in 
almost every case that the drying 
should b£ carried out until not more 
than 1 per cent, of moisture remains. 
Tlje same remark applies to ball 
and tube miys. All the mills are 
of the crushing or of the grinding 
type. Some of them rely upon finely- 
meshed screens in order to obtain the 
requisite degree of fineness. In the 
grinding operation, if the moisture 
contained in the coal k much above 
1 per cent., the screens have a ten- 
dency to become clogged. The author 
has known the Bonnot mill deal with 
coal having a moisture content of 
3 per cent., but it is doubtful whether 
the mill could deal with coal haying 
a higher moisture content. This is 
the mill which Jthe author has had 
most opportunity of watching. This 
mill of course relies upon the crushing 
action, but does not make use of 
finely-meshed screens. A Bonnot 
mill has been working at th$ Borough 
of Hammersmith Electricity ‘Works 
for some two years. Extensions to 
this plant include a Sturtevant mill. 

Mills are usi^illy driven by an 
electric motor by means of a belt, or 
silent chain-drive, the sizes of motors 
required for different capacities of 
three typical mills being follows : 

Bontiiit Mill. 

2.590 lb. of coal per hour 

5.000 

10,000 

To this pdwer has to be added, for the 
air separator — 7^ h.p., 12 h.p* and 
25 h.p. respectively. 

Fuller Mill. * 

2.500 lb. of coal per hour— 20 h.p. 

5.000 .. ” 

10,000 „ .. * °° ” 

Stuttevaiil Mill . ** # 

2.500 lb. of coal per hour— 20*24 h.p. 

5.000 „ # .. 35-40 ,. 

10,000 . 45 » 

In the latter case a 12-h.p. motor is 
required for the separator and a 10- 
h.p. motor for the elevator. 


-25 h.p. 
50 .. 
75 
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F*£. 1. Turtx>-Pulv*rl*ing Units 

The author is more in favour of the 
unit system of pulverisation than the 
central system, of winch rotary dryers 
and the grinding mills referred to form 
a part, together with the necessary 
conveyors and elevators. The ten- 
dency is in this direction, even in the 
United States, where bulk supply and 
large plants are the order of the day ; 
this change of opinion seems to be 
very marked. 

The unit pulveriser which the 
author’s firm developed in this coun- 
try and in France has proved its 
usefulness, when it can be said of it 
that, while we have only been working 
seriously on the problems since the 
latter days of 1919, three hundred 
and ten of them are in everyday use, 
and some remarkably efficient results 
have been obtained. This pulveriser, 
which is called the turbo-pulveriser, 
is a mill of the true pulverising, or 
impact type, as compared with the 
grinding mills referred to previously. 
The origin of the principle goes back 
some forty years to an English in- 
ventor. In developing this machine 
it was found that a number of further 
Patents could l>e taken out, covering 
certain improvements. 

Three of these machines are shown 
in Fig. 1. It will be seen that the 
machine consists of an automatic 
feed, three or more pulverising com- 
partments, and a fan. Air is intro- 
duced at the feeding -end of the ma- 
chine, and a further supply, of what 
may be called “ secondary ” air, be- 
tween the last pulverising chamber 
and the fan. This air may be at at- 
mospheric temperature or pre-heated. 
The idea of pre-heating the air going 
to a pulveriser is quite an old one, 
and # Messrs. Fraser & Chalmers 
made use of this in their original 
“ Bettington " boiler. The turbo- 
pqlveriser will take lumps of coal up 
to 1 in. in diameter and reduce them 
down to a very fine powder ; it will 
deal with coal which is what may be 
termed “ commercially " dry. At 


•ne installation a turbo-pulveriser 
has been in operation for some con- 
siderable time, and no attempt at 
drying the coal has been made. The 
coal arrives in barges, which are often 
leaky, and has been put through the 
turbo-pulveriser with up to 12 per 
cent, of moisture with good results. 
Coal with 15 per cent, of moisture has 
gone through the machine, but then 
the wear was rapid, and the horse 
power necessary for pulverisation was 
much increased. 

The power required for a turbo- 
pulveriser when this machine is work- 
ing at, or near, its normal capacity, 
or upon a slight overload, compares 
well with the power required by other 
mills, when it is considered that the 
machine supplies air for combustion 
at the same time that it pulverises 
the fuel. Of course, the moisture 
content of the coal has a great effect 
upon the power required. 

The following powers may be given 
as examples with coals containing 
about 8 per cent, of moisture 

1,100 lb. of coh! per hour -14 h.p. 

1 ,400 1 1 15| ». 

2,700 „ .. 37 „ 

It will be noticed that the power 
required for 1,400 lb. of coal per hour 
is, in proportion, on the low side 
when compared with the other two, 
but the explanation of this is that 
this reading was taken from a machine 
with a normal capacity of 1,000 lb. 
of coal per hour, run on an overload, 
which is the most economical way of 
running these machines, in so far as 
the power required is concerned. 

Recent figures relating to tfie fine- 
ness of pulverising coal have shown 
that a coarser pulverisation than has 
been recommended by American prac- 
tice gives as good results. Fine pul- 
verisation Is undoubtedly, in theory, 
an advantage, but after we have 
reached a certain limit the gain is so 
infinitesimal that the greatly increased 
horse-power required by far outweighs 




any advantage. By means of a turbo - 
pulverizer with a very slight modifica- 
tion, practically any degree of fineness 
can be obtained, but the lineness tests 
given in the following table show how 
the power required increases. # 


Magnetic Separators 

Magnetic separators have been re- 
ferred to as an essential part of a 
powdered-fuel plant. The author, 
however does not think they are 



Output of 
coal 

per hour j 

! 

j • • Fineness. 

« 

i 

Horse power. 

Through 100-mesh 
sieve. • 

• 

Through 200-mesh 
sieve. 

I 

1,980 1b. 

, 2,700 lb. j 

• 

42.5 

3 I ! 

iVr cent, 
im • 

• 94 

• 

Per cent. 

82 

75 


Expressed in terms of J, 000 lb. of 
coal per hour, the poWer required isj 
21.46 and 13.7 h.p. respectively, for] 
the outputs mentioned in the fore-J 
going table. Although these figures! 
are based upon an average of a num-j 
ber of tests, they cannot be looked 
upon as entirely representative, owing 
to the fact that moisture in the coal 
has a very considerable effect upon the 
power required. If the coal will ignite 
quickly, burning with a minimum of 
excess air, say 16 per cent., and leave 
no trace of CO gas in the flue and no 
trace of unbumt carbon in the ashes, 
then the coal is sufficiently fine. With 
regard to actual screen-tests, the best 
figures for these, from a practical 
point of view, will vary with different 
fuels ; anthracite should be powdered 
more finely than a bituminous coal, 
while the length which the flame has 
to travel will also affect this question. 
The average powers for a turbo- 
pulveriser are best expressed as a per- 
centage of the power developed by an 
efficient boiler plant, and with coals 
of various calorific value. Fig. 2 
shows these percentages, and it will 
be seen that 2 per cent, is a very fair 
figure to take. 



Ft*. 2. Percentage of Boiler Power 
Required to Prepare Powdered Fuel 


essential, though they are an advan- 
tage in certain cases. There is no 
doubt that a magnetic separator, 
when installed, would somewhat re- 
duce the maintenance charges, while 
the unlikely occurrence, with a proper- 
ly designed plant, of a breakdown 
through large quantities of “ tramp 
iron " may be avoided. A good rule 
to follow is to make the plant capable 
of passing “ tramp iron ” to an extent 
which is met with in the average coals. 
But if the plant is large and the pul- 
veriser or pulverisers are fed by means 
of a coal-handling plant, it is advisable 
to instal a separator in or over one of 
the conveyors. If, however, only one 
unit is installed, it is doubtful if the 
first cost of a magnetic separator 
warrants its installation. 


Combustion Tkst on Turbo-Pulveriser at Philadelphia Power Station. 


Time. 

CO, 

o. | 

CO 

Ut augn t 
Blr. front. 

1 blue gas. 
Temp. 

11.25 

16.8 

0.6 I 

nil 

in. 

O.Ofl 

Deg. Pah. 
490 

11.40 

16.0 

2.2 

nil 

0.03 

500 

12 noon ... 

15.2 

2.5 

nil 

0.05 

487 

12.30 

16.4 

1.8 j 

0.5 

0.04 

146 

12.55 

16.5 

1.5 

0.3 

1 0.04 1 

430 

2.30 * 

15.9 

2.0 1 

nil 

0.06 

440 

2.50 

12.5 

6.9 1 

nil 

0.02 

442 

3.10 * 

10.9 

— ! 

— 

0.4 ! 

435 

3.45 

17.0 

1.5 | 

nil 

0.07 i 

446 

4 15 

14.7 

4.3 1 

1 

nil 

0.04 j 

430 


Noth. — At 12.20 p.m. combustion was intentionally arranged to be incomplete. 
Between J2.65 p.m. and 2.30 p.m. normal conditions were restored, and at 2.45 p.m. an 
attempt was made to ruise the superhftit by increasing the speed of gases through the 
boiler. The boiler damper was raised a further 1 in. At 3.0 p.m. the damper was raised 
another 1 in. After 3.10 p.m. normal conditions of complete combustion were restored. 


Magnetic separators are either* of 
the pulley type or of the static tyAe. 
The pulley type is divided 0 into t%± 
sub-types, namely ; the pylley which 
has a magnetic field right round its 
circumference, or the pulley whidb 
has a magnetic held, say, five-eighths 
of the circumference. The static 
0 magnetic-separator is an electro mag- 
# net suspended ^ few inrfies above a 
belt conveyor in such a way that it 
•draws any 4< tramp iron ” mixed with 
the coal from among the coal on the 
belt. 

§ • 

Combustion of Powered Fuel 

Tips subject has recehred perhaps 
. less attention than the two foregoing 
operations, and'yet there is more to 
be learnt in this connection and many 
more pitfalls than in the design of a 
‘ satisfactory’ dryer, a grinder, of a 
J pulverising mill. It is»not enough to 
lead powdered fuel, of the rigfit degree 
of fineness, thoroughly mixed with the 
correct amount of air for its com- 
bustion, into a large refractory-lined 
chamber. The shape, the volume of 
the combustion chamber, the position 
of the ash pockets, direction ot the 
flame and velocities, must be all care- 
fully considered from a practical and 
technical point of view. A large com- 
bustion space is necessary, but, to 
reduce radiation losses, this space 
should be so arranged that the bulk 
of the heat is near ter* or on, its work. 
Fig. 3 shows the arrangement of a 
turbo-pulveriser firing a “ Woodeson " 
boiler. A large combustion chamber 
is shown, but it is so arranged that the 
flame is parallel to, near to, or under, 
the boiler tubes. If the same space 
was made use of as diagrammatically 
shown in Fig. 4, it is obvious how 
much more heat \fbuld be lost by 
radiation and how much would be 
lost owing to the fact that the most 
luminous flame is not adjacent to the 
water tubes. The velocity also is of 
first importance, jyid most of the 
earlier failures in powdered-coal firing 
could be traced to too high velocities. 

The pressure in a powderetj-fuel-fired 
boiler furnace shoufli be so near to 
whattnay be called a balanced draught 
that there should be a slight vacuum 
at the base, a neutral pressure in the 
middle zone, aad a slight pressure at 
the first pats. The powdered coal and 
dir at. the burner shquld be of suffi- 
cient pressure to allow the flame to 
wander in and to £void anything in 
the nature of a blow-pipe action, 
fusing scouring add numerous other 
troubles. It is found that, owing to 

(Continued on page 634 .) 


MANUFACTURES 

Conducted by J. D. TROUP, MJ.MBCf^R. & GEO. T. TAVENNER, A.l.E.E. * 


THIS SECTION DEALS WITH THE PROCESSES, METHODS, AND DETAILS OP MANUFACTURE 
INCLUDING MACHINE TOOLS, WORKSHOP PRACTICE AND MECHANICAL APPLIANCES 


Low ‘Temperature ’Carbonisation (xiii) 

• (THE “RICHARDS-PRINGLE" PROCESS) * 


B.8c. Hosts. 


T HIS process if the invention 
of R. S. Richards and R, W. 
# Prince, and is owned by 
Messrs. The Smokeless Fuel 
Syndicate Iytd., of London. 
It consists essentially in carbonising 
coal in the form of slack, or in a 
slightly crushed condition, at about 
1,000-1,100 deg. F. (540-595 deg. C.), 
in a Series of deep wedge-shaped trays 
4 ft. long, 12 in. deep, and 3 in. aver- 
age width, arranged transversely. 
These trays are attached one behind 
the other to a chain conveyor, and 
travel very slowly through a carbon- 
isation chamber 40 ft. long heated 
externally by producer or other gas 
in combustion chambers. The time 
to travel completely through the 
chamber is about three hours, the 
raw coal being fed automatically into 
each tray as it enters the carbonisa- 
tion chamber and the residual low 
temperature fuel in the trays being 
discharged at the end as these pass 
round over a large diameter driving 
wheel, the empty trays passing back 
underneath, the gaseous and volatile 
products evolved escaping through 
openings at the top. 

The first experimental plant on 
these general lines was erected at 
Bermondsey in 1909, consisting of 
15 ft. 0 in.*carboiysing chambers, and 
worked for about three years, a large 
amount of experimental work Being 
undertaken, and many different coal 
tests. Subsequently a somewhat 
larger plant was erected at the Thorn- 
cliflfe Works of Messrs.* Newton, 
Chambers & Ca Ltd., and further 
work carried out. The matter was* 
then temporarily abandoned because 
of the difficulties due to the «war, but 
was afterwards taken up again, and* 
the present laige experimental plant 
installed at Dover Gas Works in 


By DAVID BROWNLIE 
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April, 1922, illustrated in Figs. 1 and 2, 
embodying all the improvements re- 
sulting from the above experience, 
together with a new type of tray, and 
at the present moment the plant is in 
active operation. * 

Perhaps the most convenient way 
of explaining the “ Richards- Pringle ” 
process is to follow the patents : — 

The original patent is 15043/1909, 
taken out bv R. S. Richards and R. W. 
Pringle, which applies to the carbon- 
isation of coal in a general way at un- 
stated temperatures. This embodies 
essentially a long muffle furnace, hori- 
zontal or inclined, which has travel- 
ling through it very slowly a continu- 
ous series of open-ended trays attached 
to an endless travelling chain or similar 
device. 

The upper part of the conveyor 
passes through a carbonising chamber 
constructed of steel plates closely en- 
veloping the chain of trays, the cham- 
ber being heated by means of sur- 
rounding combustion chambers, or 
these chambers may be above and 
below the travelling chain. The coal 
is thus carbonised in the trays as it 
passes through the heated chamber, 
the gaseous and volatile products 
being driven off the coal charge in the 
trays and the residual fuel being dis- 
charged automatically at the other 
end. The coal is fed automatically 
into each tray as it enters the cham- 
ber, the heating being carried out 
by any suitable means, such as pro- 
ducer gas or the rich low temperature 
gas # 

After emerging from the carbon- 
ising chamber the conveyor passes 
through a cooling chamber, so that 
the* fuel is cooled down before coming 
out mto the air and quenching water 
is not necessary. The travelling chains 
then pass downwards over large driv- 
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ing wheels, and the trays empty out 
their contents, returning empty under- 
ueath. 

A second and subsidiary patent, 
22421/1909, deals with a special de- 
sign of tray suitable for the process. 
These early trays were of considerable 
width relative to their length, divided 
by longitudinal ribs or dividing walls 
into a transverse series of open-topped 
compartments, these ribs or dividing 
walls being arranged so that each of 
the compartments tapered towards 
the bottom. The body of the tray 
was made of thick sheet iron, and the 
dividing walls of plates bent to a 
channel shape, and the whole arrange- 
ment is riveted to each link of the two 
conveying chains. The object of these 
compartments was to divide up the 
layer of coal as much as possible so 
as to promote the conduction of 
the heat to every part of the 
charge. It was found that with the 
simple trays of the original patent 
it was difficult to carbonise uniformly 
layers of over 2 in. thick, and with 
the above device this could be doubled, 
whilst at the same time the speed of 
travel of the trays could be increased. 

A further patent is 25019/1909, 
which now relates to the application 
of the process specifically to low 
temperature carbonisation. There is 
very considerable difficulty in apply- 
ing a continuous carbonisation pro- 
cess of this character to high tem- 
perature carbonisation, and ev^r since 
the days of Clegg, who in 1815 made 
the first attempt, the problem of* car- 
bonising coal at high temperatures on 
the continuous principle in a chain of 
small receptacles, on the lines, for 
example, of the continuous brick kiln, 
has remained unsolved. Some of the 
difficulties are the impossibility of 
getting any movable mechanism to 



I 1M D U S T ‘ R I A L 

. ‘ — 1 T— - 


I 


N P;-: 





X-jf ER r-- ^ -- . ^ dS 


y 48 * C V 

^_x_j£=2— ^ 



ng. 9 


travels slowly through 
chamber, the progress ofthedecoin- 
position of the volatile matter changk 
and by a suitable arrangement oP 
ascension pipes *one behind the other 
the gaseous and volatile products ase 
selectively extracted from the carbon- 
isation chamber^ For the manufac- 

• ture of smokeless low temperature 

, ‘household fuel, the trays after carbon- 
isation pass inti a coolihg chamber, 
^as otherwise, of course, the fuel would 

* take fire bectiuse of the remaining 
volatile content. 

The main Richards-Pringle " pat- 
ent tor low temperature carbonisation 
is 15933/1915, taken out by R. S. 
Richards and Messrs. The Sdlokeless 
Fuel Syndicate I,td., London, includ- 
ing various improvement® on the 
original patents already described. 

The arrangement consist of an 
upper longitudinal carbonising cham- 
ber of rectangular section, with arched 
top and lower chamber, both sur- 
rounded by firebrick, each of these 
tubular chambers terminating in a 
separate chamber containing a drum 
to carry the chain conveyor with the 
carbonising trays. These trays were 
made to overlap, so as to form, one 
continuous longitudinal trough in the 
carbonising chambers, passing first 
through the upper and then through 
the lower chambers. The combustion 
chambers for heating are situated be- 
tween the upper and lower carbon- 
ising chambers, and the coal is charged 
automatically at one end of the con- 
veyor and emerges at the other as low 
temperature fuel. The combustion 


stand the high temperature, the diffi- 
culty of making tight joints with the 
excessive expansion and contraction, 
and the fact that the sudden heating 
is apt to form a non-conducting crust 
of coke on the outside of the charge 
and prevent the inside from being 
thoroughly carbonised. 

Messrs. Richards and Pringle were 
of the opinion, however, that under 
suitable conditions there is nothing 
to prevent this method being a success 
for low temperature carbonisation, 
say at 1,000-1,200 deg. F. (540-050 
deg. C.) at the outlet, especially for 
the utilisation of refuse and other 
coal in a fine state of division. The 
advantages of carbonising coal in 
laTge separate trays of this descrip- 
tion *are that each small charge of 
coal is handled quite separately, 
there is no jatnbing, pressure strain, 
or excessive wear and tear in the 
whole process, and also the time of 
carbonisation is reduced. Also f the 
carbonisation is automatically frac- 
tional in the sense that as the charge 







Wig. 2. Another View of the Plant, Pig, 1 
•laming the Coal Food Hopper End 

chambers are so designed that 
an even temperature can be main- 
tained throughout the entire length 
of both carbonising chambers, or 
sections of the chamber can be ar- 
ranged to be at different temperatures. 

The arrangement is illustrated in 
Figs. 3, 4, 5, 6, 7 and 8. 


shaft Q, geared with a worm wheel 
R in the chamber C, S being a series 
of prongs mounted on a shaft T, 
counterbalanced by weights U. 

At the other end (Figs. 3 and 4), 
1 is a discharge chamber of sheet 
metal for the low temperature fuel 


when it leaves the ccmveyqr, 2 being 
a cone valve to dote the chamber 
exit, and 3 a self-sealing door, so that 
the whole arrangement can be kept 
closed, and worked, if necessary, 
above or below atmospheric pressure. 
This chamber is eooleq on the outside 
by a stream of water, and the fuel 
allowed to accumulate for a consider- . 
able time until it is cool. 

In this patent the conveyor* for 
carrying the coal us it is carbonised 
•was formed, as already stated, of 
troughs or trays (4) fluted longitudin- 
ally, the rear end of the leading trodfeh 
lying Within the forward end of the 
following trough in the upper cham- 
ber, the cod lying in the flutes of the 
troughs, which form longitudinal 
channels, the gaseous and volatile 
products from the upper longitudinal 
chamber passing away through exit 
pipes 5 and 6. It was subsequently 
discovered that with caking and 
general high volatile fuels there was 
often a difficulty in discharging the 
fuel from the travs, and consequently 
an improved transverse type of car- 
bonising " V ” shaped trough was 
invented, and is embodied in the 
present plant at Dover. This is pro- 
tected by patent 122013/1918 (Ed- 
ward Batty), which has been pur- 
chased by Messrs. The Smokeless 


Figs. 3 and 5 are a longitudinal 
elevation partly in section, 4 and 0 are 
the corresponding plans, and Fig. 7 
is a cross section of the tubes and 
furnace. In these drawings A is the 
upper tubular chamber, and B the 
lower, connected by suitable frame- 
work, C being the surrounding struc- 
ture. D (Figs. 5 and 6) is the ex- 
ternal chamber at one end, which 
connects the upper and lower tubular 
chamber, C (Fig. 8) being the ex- 
ternal chamber at the other end. In 
the external chamber, D is a poly- 
gonal wheel F, mounted on a carriage 
G running on wheels, jJt> as to adjust 
the slack, and F is a similar wheel in 
the Other chamber E. J is the chain 



conveyor which passes round the two 
polygonal wheels and travels through 
the upper andT lower tubular carbon- 
ising chambers. The axles* of the 
wheels carrying the chain conveyor 
are mounted on a carriage by m<?ans 
of adjustable bearings either inside or 
outside the chambers. *K (Fig. 5) is 
the coal fee4 hopper, with, a self- 
closing door (M) and a gas-tight cbal 
feed valve arrangement consisting of 
a pair of feed-rollers and a chambered 
valve O, so as to discharge the &>al 
on to the chain J. The drive of the 
chain is by means of a worm P on a 
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Fuel Syndicate Ltd., and is illustrated 
in Fig. 0.* It Consists essentially of 
links A and rollers D, forming a 
chain, with trough-shaped brackets 
K mounted on the inner links. Sup- 
ported between the two chains iye 
cross bars F, with* plates (G, Gl) 
flanged at the bottom and sides. The 
bottom and side flanges of one plate 
overlap the bottom and side flanges 
of fhe adjacent plates, the plates G 
on one link and Gl on an adjacent 
link and flanges form the enclosing# 
walls of the transverse troughs for 
the co^l. Between the troughs a 
space (M) is exposed to the fteat of 
the furnace. On reaching the end of 
the travel, when the chain passes 
round the driving drum,* the trans- 
verse troughs containing the charge 
of low temperature fuel are emptied 
over, and at the same time open, 
whilst the bottom flanges rise up and 
the contents are discharged without 
any difficulty of sticking. 7 is the 
combustion chambers between the 
tubular chambers A and B, heated 
by gas-fed burners I. The gaseous 
and volatile products pass off through 
vents 9 into the space 10 between 
the chambers and the walls of the 
structure, and then pass over the 
upper chamber and out by the flue 11 
into a hydraulic main in the ordinary 
way. 

The present single unit plant at 
Dover (Figs. 1 and 2), constructed in 
accordance with these patents, has a 
capacity of 15 tons of coal per 24 


hours, and for convenience most of 
the heating has been undertaken 
either with town's gas or with oil, 
and a considerable number of coals 
have been investigated, chiefly Kent 
and Warwickshire varieties. The 
experiments so far have been very 
successful, and a number of practical 
advantages are claimed for this 
method. In the first place it is very 
cheap to erect, fisting only about 
one-third of many low temperature 
installations, and at the present time 
a 90-100 ton plant per 24 hours would 
*only cost about £*30,000, including 
the by-product plant. Also the wear 
•and tear is very small, the rate of 
travel being only about 1 foot in 
5 minutes, whilst the power required 
to drive the plant is very small, less 
than 4 h.p. for the standard 15-ton 
unit, the present Dover plant. Further, 
the labour costs are claimed to be very 
low. For commercial working it is the 
intention to erect the plant in batteries 
of 6 units side by side, corresponding 
to 90-100 tons output per 24 hours, 
and the labour required for this bat- 
tery would be eight men and two 
foremen complete, as the whole pro- 
cess is almost entirely automatic. 

As regards the yield from the 
“ Richards- Pringle M process, I am 
not in a position to give definite 
figures. Messrs. The Smokeless Fuel 
Syndicate Ltd. have always acted on 
the principle of giving no figures that 
are not absolutely authentic, and the 
results of long trial, and although 
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they have very kindly given me | 
privately the results they have ob- 1 
tained, these, are ‘not yet available % 
for publication. I can say, tywever, 
that the yields are approximately the 
average for low temperature carbon- 0 
isation for gas, oil, motor spirit, 
ammonia, and smokeless fuel, and 
70* per cent, small non-coking coal 
cafl be used. The quality pf the oils 
obtained is very £ood, ana is best 
illustrated by the results of a detailed 
analysis (May, 1922) of a typical 
sample by the. West Ham Testing 

Laboratory, as follows : — 

• * 


The specific gravity of the crude 
tar was. 1.056. The tar as* received 
was submitted to a straight distilla- 
tion, and yielded • 


By Specific 
• Volume. Gravity. 


Light Oil 0-170* C. ... 

11.01% 

0.8685 

Heavy Naphtha 170- 

• 


200° C 

6.71% 

0.963 

Carbolic Oil 200-240° C. 

8.83% 

0.9975 

Creosote Oil 240-270° C. 

5 33% 

1.010 

Anthracene Oil 270- 


350* C 

14.37% 

1.034 

Ammoniacal Liquor ... 

32.55% 

1.011 

Pitch (by weight) 

21.11% 



A fractional distillation of the light 
oil, using an eight pear column, the 
distillation being at a uniform rate, 
yielded : — 

By 

Volume. 

Benzol 0-95° C 6.98% 

Toluol 96-125 ... ... 14.91% 

Sol vent naphtha 125-1 70 f ... 58.68% 
Residue and Loss 19.43% 





The carbolic oil and creosote oil 
were tested for their cresol and phenol 
content, and showed : — 

Phenols & Cresols 
by Volume. 

Carbolic Oil 65.5% 

Creosote Oil ... «. 42.1% 

The ammoniacal liquor contained 
0.68 per cent, of ammonia as NHs. 
This existed almost entirely as thio- 
sulphate, the sulphur content calcu- 
lated to thiosulphate giving a content 
of 1.99 per cent, ammonium thio- 
sulphate. 

The free carbon in the tar* as re- 
ceived was 1.8 per cent. 

The r?sidual oil after expulsion of 
waty and light oil to 170 deg. C., 
was tested for fuel, and showed : — 

Ash ... r .. # 0.88% 

Sulphur 0.53% 

C^l. valtfe 16,241 B.Th.U. per lb. 

Some amount of caution must be 
used in acoepting too strictly the 
figufes given, as the extreme amount 
of water present rendered necessary 
ajengthy and very slow distillation, 
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Jwhich made possible a certain amount 
lof cracking of the higher fractions 
'with a*corresf>ondiiig increase in gases 
which aje lost, a^id an increase in 
light oil. Assuming, however, that 
no cracking # did actually take place, 
the dehydrated tar would, on distilla- 
tion, yield the following figures : — m 


• Specific gravity of ^ar 

Free carbon content 

1.078 

2.67% 

Light oils in tar * 

• 

16.32% 

• 

and the full distillation figures would 

be:— 

• 

• 

B? 


Volume. 

. . 

Benzol 0-96* C 

4.14% 

Toluol 95-125* C 

2 43% 

Sol velft Naphtha 1*25-170* C 
Loss and residue on redistilla 

9.58% 

tion of light oil f. . 

3.17% 

• Carbolic oil 200-240° C. 

13.09% 

Creosote Oi* 240-270° C. .. 

7.90% 

Anttfracene Oil 270-350° C. .. 

21.30% 

Pitch (by weight) 

31.30% 


The residual low temperature fuel 
contains on the average 8-10 per cent, 
of volatile matter, and is absolutely 
smokeless, burning with a high emis- 
sion of radiant heat, and also easily 
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ignited, as usual. Much of it has 
been sold locally In Dover both for 
household use and for steam motor 
wagons, and it is claimed to be very 
hard, and to stand travel well. 

Some typical dialyses of raw coals 
and the subsequent low temperature 
fuel are given on page 603, as a 
result of tests by the West Ham 
Testing Laboratory. 

The fuel has also been tested on a 
number of occasions by heating the 
gas retorts in Dover Gas Works, in- 

• stead of ordinary coke. Typical teats 
on fou? benches of retorts, for 48 

• hours each, under identical conditions, 
gave results of 4.0 tons Hardwick 
f uniace cokfc, 4.20 tons “ Ricliards- 
Pringle ” smokeless fuel, and 4.60 
tons ordinary gas coke. 
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Air Filtration for Industrial Purposes 

9 ( Concluded from page 606.) 


and dry type, in order that the in- 
coming air may be both cooled and 
filtered. It w*ll readily be under- 
stood that no excess moisture must 
enter the alternator windings, and 
for this reason the wet portion of the 
filter is designed in stfidi a manner 
that the cooliqg water passes over 
exposed surfaces with which the air 
will come in contact when passing 
through*the filter. This principle has 
proved to be more efficient than the 
water-spray type. * 

For Gleaning Boiler Flues » 

The subject of industrial air filtra- 
tion would not be complete without 
some reference to the suction -method 
of cleaning buildings, flues, and So 
forth. The ordinary suction or vac- 
uum cleaner is a well-known and 
established apparatus, and the princi- 
ple has now many different applica- 
tions. One which will appeal specially 


to the factory owner is the application 
of the method for cleaning boiler flues. 
The general arrangement of such a 
plant is as follows : — A vacuum pump 
or exhauster is used to create the 
necessary suction in the pipe line ; a 
dust container vessel is placed in the 
air main to collect the soot and dust ; 
and special nozzles are attached to 
the end of the pipe line which enters 
the boiler flues. 

It is also necessary to have what is 
termed an intercepter vessel in the 
air main, between the exhauster and 
the container. The function of this 
vessel is to remove all trace of dust 
particles from the air which may have 
escaped past the container. Other- 
wise such dust would pass through 
the exhauster and would have disas- 
trous results in the course of 
time. The intercepter consists of a 
vessel containing specially constructed 
baffles immersed in water, and the 


air in passing through the vessel is 
thoroughly cleaned. 

When the boiler plant is specially 
designed for the cleaning of flues by 
the suction apparatus, hopper-shaped 
pockets are built in the flues in order 
that the soot and dust will accumu- 
late at these points. Pipe connections 
are made to the bottom of each 
pocket when the collected soot and 
dust can be removed at any time, even 
when the boiler plant is in operation. 

The advantages of this system over 
the old hand method are obvious. 
Boiler flue cleaning is not af the best 
of times very inviting, and fpr this 
reason the operation is often scamped 
at the expense of boiler efficiency. 
When the suction method is installed, 
however, the operation becomes a 
merely mechanical one, apart from 
tljje directing of the suction? nozzle in 
those cases wher$ special collecting 
pockets have tjot been arranged for. 





Value of Water Filtration for Swimming . Baths 

T hit article will be of'particular interest to those 
. ested in public health questions. The Pulsometer Enp^enng 
Co. Ud^hmie supplied • us mth the data and tllusttahons. 


I T is one of the most satisfactory 
signs of the time that public 
health questions are receiving^ 
so much attention, for the 
healthy mind in the * healthy 
body is more than ever an essential • 
to national progress. In all delibera- 
tions on the subject, ftie problems 
connected with the supply of water 
for recreation purposes must occupy 
a prominent place, and a study of the 
progress that has been made in this 


1922 the corporation installed a 
battery of filters at one of their 
public baths, eonsisting of three 7 ft. 
square filters of the pressure type. 

The filters were installed in time 
for the summer season of 1922, and 
the same water was used in the 
swimming baths throughout that 
period, viz., from the 1st April to 
the 15th October, with the addition 
of a few thousand gallons during the 
season to make up for splashing and 


•The saving effected in water supplies 
alone amounted'to 10,000,000 gallons. 
The charge fot water for bathing pur- 
poses in*this case was 9d. per 1.000 
gallons, so that the total reduction m 
costs for thivtem was £376. # 

Figures taken out for fuel expenses 
showed that 70 tons of coal less than 
in previous years were consulted, and 
on a basis of 30s. per ton, this item 
accounted for a ‘reduction of £106 in 
working expenses. # 
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pect within recent years seems 

Ctoeimportant city in the North of 
L g land has made noteworthy strides 
this direction, and the results of 
sir experiments are likely to have 
far-reaching influence on present- 
y practice. In the winter of 1921- 


natural evaporation. At the en4 of 
the season tests were carried out on 
samples taken «<rom it, and the 
analyst’s report concludes as follows; 
•« The figures generally on this water 
show it to be of a standard of purity 
that is not exceeded by many supplies 
used for drinking purposes.” 


A gains t this has to be set the ex 
penditme on electricity necessary t< 
drive the pump used for working tto 
filters, and this will vary with th 
different districts in which it is to D 
employed. 

On the question of labour, no actus 
reduction in the number of the *tai 
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TIm m Torrent M Patent Filter 

was made, but it is important to note 
that while the operatives were pre- 
viously much overworked, the duties 
involved are now comfortably within 
their power. It is calculated that the 
actual difference in this respect under 
other conditions would have amounted 
to the wages of at least one man. 

There remains, however, one further 
consideration, ajid it will be interesting 
to watch developments. One of the 
chief obstacles to the successful man- 
agement of public baths in the past 
has been the difficulty of ensuring a 
reliable daily standard of .cleanliness 
in the water, and the patronage has 
undoubtedly been adversely affected 
in consequence. The results now 
achieved by tl^e filtration plant re- 
ferred to above should, however, 
produce a change in this. 

, The certainty of finding pure, clean 
Water must prove a v^ry great at- 
traction to all classes, who will no 
doubt seek relief in the baths from 
the fatiguing effects of the sweltering 
summer sun. Once started, the 
example of pairons will be followed 
by relatives and friends, and, with 
proper management, it would seem 
as if the revenue is capable of in- 
creasing to any figure, limited only 
by the population alid tjie accommo- 
- dation of the baths. 

The increase in patronage obtained 
in the case with which we are dealing 
bears this out, as? the following figures 
show: — * » 

Total bathers. 

# 1921 . 1922 . 

< : 124,209 134,420 


It must be remembered that this 
increase of almost 10 per cent, took 
place in a year which was unusually 
wet and cold. The summer of 1921, 
on the other hand, was remarkable 
for the intensity of its *heat and 
drought. 

The installation referred to was 
supplied by the Pulsomefer Engineei* 
ing Co. Etd., of Reading, and Fig. 1 
shows a battery o£ similar filters. 
They are of the " Torrent " pressure 
type, which is made either cylindrical 
or square, to suit the sfyace available, 
the lattea being specially convenient 
for sites to which the filter has to be 
brought in parts, c.g., into an existing 
building through ordinary doors. 

A strainer plate near the bottom of 
the filter casing carries a layer of 
filtering medium, and the unfiltered 
water admitted to the upper part of 
the filter percolates through this. The 
matter in suspension is retained, and 
the water reaches the space below 
the strainer plate in a clear and bright 
condition. This space is connected 
to the filtered water main. 

The efficiency of the filtration does 
not depend so much on the thickness 
and nature of the filter bed as on the 
thin film of slimy matter which forms 
on the upper surface of the filtering 
medium. It is therefore necessary, 
when starting the filter for the first 
time, or when restarting it after 
cleaning, that the filtered water should 


be allowed to run to waste for a short 
time, to enable the surface of the 
filter bed to get into condition before 
the water passes into the filtered water 
main. 

The cleaning of the filter is effected 
by means of air agitation and a re- 
verse flow of filtered water. If there 
is sufficient pressure in the filtered 
water main, say equal to 10 to 15 f$et 
head, a reverse flow from the filtered 
water main can be used, but if there 
& not sufficient head in this main, or 
,if the filtered water reservoir is below 
the level of the filter, it is necessafy 
to employ a centrifugal pump to force 
the washing water through the filter. 

In the present instance this was the 
method adopted, and a Pulsometer 
A5 type centrifugal was installed, 
capable of delivering 400 gallons of 
water per*minute against a head of 
30 feet when running at 1,000/1,100 
r.p.m. 

The air agitation is effected by 
means of a separate system of air 
nozzles in the strainer plate, through 
which the air is equally distributed 
over the whole area of the filter bed. 
The air nozzles being entirely separate 
from the strainers, make it possible to 
use the air simultaneously with the 
reverse flow of water during the pro- 
cess of cleaning, if found desirable. 

The air causes a violent ebullition 
in the filter, and has the effect of 
raising the filtering medium, so that 
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the various panicles are free to move, 
and in knocking against one another 
dislodge all the matter which adheres 
to their surface. Whilst the air 
agitation is going on, an upward flow 
of water carries away through ♦he 
wash-out pipe the 'impurities which 
have been dislodged by the action of 
the air. 

When necessary, a patent wash- 
waler regulating valve may be fitted 
to limit the rate of the upward flow 
of water, and to prevent the filtering 
medium from being carried away # 
wfth the impurities through tty wash- 
out pipe. 

This system of cleaning effects a 1 
considerable saving in tty.* amount of 
wash-water used as compared with 
that necessary when water only, or 


The aeration plant in the case above 
referred to consisted of an aerator 
tank complete with water gauge 
thermometer, relief valve, etc., in 
conjunction with a water jacketed 
air compressor capable of displacing 
10 cubic feet of free air per minute 
against a pressure of G$ lb. per square 
ffich at 3,0(10 r.p.m. The latter is 
driven by belt from the circulating 
pump coupling formed as a pulley. 

The compressed air main is carried 
above the filter, so that there is no 
risk of its becoming water-logged, 
which might cause obstruction to the 
passage of the air. When steam is 
available, a steam blower may be 
used for supplying the compressed 
air, but if steam is not available, a 
small air compressor may be driven 
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to be no reason why every town 
city, at least, in the United Kingd*, M * u . 
should not be equipped with ‘public ^ 
baths. • • 

Clean water day is always a popular # 
day, and if every day is made a clean 
water day, the receipts from admis- 
•sk>n charges must # increase consider- 
ably. This, taken into conjunction 
tath the figures and facts given at tHe 
beginning of this article, would appear 
to* show that public baths could be 
made to pay their way. 

The resulting increase in healthy 
vigour and action on the part of the 
population, and the development of 
indulgence ifiv healthy pastime would 
be a great asset, not only to the 
locality concerned, but to th^ nation 
at large. General welfare and pros- 




8bc H Torrent H Patent Frees ure Filters (40,000 gallons per hour) 


water and mechanical agitators, are 
used. The process of cleaning is 
carried on until the water coming out 
of the wash-out pipe is clean. The 
time to clean the filter may be from 
10 to 20 minutes, depending on the 
nature of the water and time the filter 
has been at work sincel ast cleaning. 

A differential gauge is fitted to 
show the head lost in the filter. This 
gauge gives an indication of when the 
niter requires cleaning, because the 
difference in pressure between the top 
and the bottom of the filter increases 
as the impurities accumulate on the 
filtering medium. 


by a gas or oil engine or electric motor, 
or, if convenient, by water power 
from the main. 

The addition of a little chlorine to 
the water keeps it at all times bac- 
teriologically pure. 

Several installations similar to the 
above have now been erected in 
England, with equally satisfactory 
results, and other city corporations 
and baths authorities seem likely to 
follow this example in the near future’. 

With these results before them, 
and the fact that modem filters are 
not expensive, there would appear 


perity would receive an appreciable 
fillip. 


ERRATUM 

Jn our April issue, in an article on 
“ Engineering in Bacon Factories,** 
in speaking of sewage disposal, we 
erroneously referred to a system in- 
stalled ‘ by Messrs. Tuke & Bell 
Eld., London. Instead of " Coke 
filters ** we should ' have used the 
wqrds “ Aerobic filters,** as these 
filters are not filled with coke, but 
with vitrified furnace clinker, coke 
being an unsuitable material 
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Draw-out Oil Immersed Plame-proof Switchgear 
. • 

• * • 

intcprsting account of the draw-out oil immersed flame-proof 


switchgear 
to whom 


W K have re«*ntly received 
from the General Elec- 
tric £o. Etd., a copy of 
their.Technical Descrip- 
tion No. 235, which de- 
scribes, with the afd of a large num- 
ber of detailed illustrations, the 
varioMS features of the draw-out oil 
immersed flame - proof switchgear, 
which is manufactured at their 
Witton Works. It is particularly 
interesting to note the very wide 
application of this gear, as by means 
of various switches, instruments, and 
efther accessories, it is possible to 
arrange either for a pillar for the 
control of a single low tension circuit, 
or, if necessary, a large high tension 
switchboard for controlling any ex- 
tensive electrical system. 

While designed primarily for use in 
collieries ami mines, this switchgear 
is equally serviceable in steel works, 
dockyards, flour mills, and any other 
undertakings which come within the 
broad classification of # the heavy 
industries. 

The highest degree of safety has 
been ensured quite apart from the 
protection gri^n by the flame-proof 
construction. This is attained by 
the draw-out feature and the system 
of mechanical interlocks. If the oil 
switch carriage is withdrawn, all 
current carrying parts are dead, and 
inspection can* readily be carried out, 
the simplicity of design rendering all 
parts of the gear easily accessible. 

The # oil switch, busbar chambers, 
instrument transformer chambers, and 
other main constructional parts of the 
gear are mounted on a framework 
pedestal. The main body of the oil 
switch is fitted on* a sjiding carriage 
which runs easily on slide rails 
mounted orf the top of ftie rqain 
pedestal (Fig. 1). Connection fib in 
the oil switch *to the busbars is by 
means of a special weUge type of 
fixed contact and self-aligning type 
of moving plug contact. The fixed 
isolating contact is embodied in a 


manufactured by Ike General lilecti 
c are indebted for the particulars and 


porcelain insulator in the smaller 
sizes ; in larger sizes Bakelite bushings 
are used. A single contact is used 
for smaller sizes, but above 3()0 amps, 
two contacts per phase are provided. 
Details of these contacts are clearly 
shown in Figs. 2 and 3. Par- 
ticular attention is directed to the 
wedge contact, as in conjunction with 
the embracing plug contact on the oil 
switch a very firm and reliable contact 
is assured. 

The normal travel of the oil switch 
on the sliding carriage allows a safe 
clearance break between these isolat- 
ing contacts when the carriage is with- 
drawn. The travel of the carriage is 
limited by lugs on the sides of the 
switch. These lugs slide over spindles 
fitted with pins which act as stops. 
This detail is clearly seen in Fig. 4. 
The removal of the pins enables the 
switch to be taken right away from 
the framework, should this be neces- 
sary. A cover is provided for enclos- 
ing the busbar contacts when the 
switch is thus removed. This cover 
is seen below the oil switch in Fig. 5, 
and in position over the contacts in 
Fig. 6. It is provided with wide 
machined flame-proof flanges. 

The various positions available for 
chambers for instruments and instru- 
ment transformers will be dealt with 
later. 

The busbars are contained in cast- 
iron chambers, which form an integral 
part of the framework. Suitable 
lengths of bar are supplied to form a 
continuous busbar system for any 
number of units. Strip connections 
are taken ■ from the busbars to the 
stems of the isolating contacts. 

In addition to the back cover of 
the busbar chamber, side and top in- 
spection covers are provided where 
cable boxes are not fitted. 

* The oil switch is of the free handle 
type, so that it cannot be held closed 
against a short circuit or against a low 
voltage. It is operated by a side lever 
normally between the adjacent bodies 


ic Co. Ltd., 
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* of the switches. (See Fig. 5.) The 
lever actuates a toggle mechanism 
which is of steel construction through- 
out. 

A long double break is provided on 
each pha<je, and all clearances are on 
a very liberal basis, which fully com- 
plies with the B.K.S.A. Specification. 
The speed of break is extremely rapid, 
as evidenced by the curve in Fig. 7. 
This curve .shows the travel of the 
mechanism ; as there is a double break 
in each phase the current is actually 
ruptured at double the speed shown 
by the curve. 

The fixed contacts are of the renew- 
able linger type, being secured to 
metal blocks held in substantial por- 
celnin insulators. The roving con- 
tacts are of high conductivity drawn 
copper, in wedge form, insulated 
from the oj)erated rods by Bakelite. 
In addition to the main contacts, 
renewable auxiliary arcing contacts 
of the finger type are provided to 
prevent burning of the circuit con- 
tacts. The detail of the contacts 
aud contact insulation is made clear 
in Fig. 8 Attention is called to the 
exceptional length of the auxiliary 
arcing contacts, which allows a high 
speed of break to be obtained before 
the circuit is ruptured. This is illus- 
trated in Fig. 7. 

The tank is lined with three-ply 
birch. A further reference to Fig. 8* 
shows how the tank is divided into 
sections for each phase. An oil space 
is left between the lining and the 
tank. This increases the breaking 
capacity of the switch, as o«u the 
rupture of a short circuit it prevents 
the gases, which are of a lower 
dielectric strength than oil, from 
bridging across the space between 
contacts and tank. The divisions are 
also of three-ply birch. Each tank is 
fitted with an oil level indicator. For 
lowering the tank for inspection pur- 
poses a tank lowering frame is pr<y 
vided. This device is shown in opera- 
tion in Fig. 9- 
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Any class of protective device can 
be used irf connection with these units, 
such as: — (1) overload trip coils, (2) 
no- voltage release, (3) leakage pro- 
tection, ( 4 ) reverse protection, and 
(5) the usual cable protection systems. 

The leakage protection mentioned 
above is effected by means of the 
relay shown in position in the oil • 
switch case in Fig. 9. Its use on cir- 
cuits is illustrated by the diagram of 
connections (Fig. 10). Three series 
transformers are required. These ar# 
housed in a compartment attached to # 
the busbar chamber. When, a leak * 
occurs, the circuit becomes un- 
balanced, and directly the out of • 
balance current exceeds a certain pre- 
determined value it ojierates the low 
voltage tripping attachment through 
the medium of the relay. A com- 
monly adopted maximum * value for 
the leakage current is five per cent, of 
normal load. 

An adjustable time lag can be in- 
* corporated with the overload release 
mechanism, in conjunction with in- 



i 


stantaneous low voltage protection, reproduced in Fig. 11 showing the 
and with instantaneous leakage pro- duration of the overload tripping 
tecton. Characteristic curves are delay. 



A complete system of interlocks, to 
ensure safety to the operator, and to 
comply with the requirements of tfye 
Coal Mines Regulations, is applied to 
this gear. These interlocks are clearly 
shown in Fig. 4 . 

The switch carriage is normally 
locked in position either withdrawn 
or in contact by an automatic bolt at 
the right-hand side ef the switch 
carriage, and directly below the oper- 
ating handle. This bolt may only be 
released while the switch contacts are 
fully open. The switch contacts may 
not be closed while the carriage is in 
an intermediate position, but may be 
closed for inspection of the mechan- 
ism, contacts, etc., when the carriage 
is fully withdrawn and locked. The 
carriage cannot be accidentally pushed 
back into contact with the live isolat- 
ing plug contacts, nor can it be pushed 
back with the circuit contacts closed. 

The oil tank is interlocked by means 
of lugs which slide in channels in the 
pedestal sides, and may not be lowered 
unless the carriage is fully withdrawn. 
The tank must be replaced before the 
carriage can be returned. 

The switch covers may only be 
opened when the carriage is fully 
withdrawn, and must & reclosed 
before the carriage can be returned. 

In the- great majoritj' of instances 
it is desirable that an ammeter should 
be included in each circuit controlled. 
The ammeter is mounted over the oil 
switch body and protected with a 
hood as indicated m various of the 
illustrations. The method of fixing '£ 
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it smaller sizes is shown in Fig. 
9, ind # for tfce larger sizes in Fig. 

12 . 

The accessary instrument trans- 
formers are accommodated in separate 
cases which are mounted in varying 
positions as convenient. 

All the usual standard types 
cable boxf armour* glands, etc., can* 


be fitted, and special cable boxes are 
supplied if necessary. 

One very interesting adaptation of 
this gear is that in which two power 
units and lighting unit are combined. 
The transformer for the lighting volt- 
age is bolted to the bottom of the 
busbar case, thus making a thorough- 
ly neat arrangement. • • 

An interesting variation of this 


gear is the use of au oil ijnmersed 
draw-out Star Delta starter instead 
of the gil switch. 

It should be noted, in conclusion, 
that this gear is suitable equally for 
A.U or for D.C. circuits. At the 
present time three standard sizes are 
available covering voltages from 660 
to 3,300, and currents from 800 to 
100 amperes. 


Uses ot Reinforced v^uucrcic 

This article provides some interesting examples 
of the application of reinforced concrete con- 
struction to modern engineering requirements. 


T HE rapid developments 
which have taken place 
during recent years in the 
application of reinforced 
concrete appear to have 
given a popular impression that this 
mfthod of construction is a new and 
modern invention. This, however, 
is not the case, as there is evidence 
that the ancient Romans weie ac- 
quainted with the principles involved, 
and used reinforced bars in their 
famous concrete. The Roman con- 
crete, however# was composed of lime 
and volcanic scoria!, and the rein- 
forcements used were of bronze or 
iron bars. This early history is very 
instructive to as to-day, because of 
the fact that the iron bars used, after 
having been embedded for 2,000 years, 
have been found to be in good con- 
dition, a fact which bears out the ex- 
perience of mc%e recent times. 


There are many examples still in 
existence of ancient concrete work, 
and its ability to withstand the 
ravages of time, and when it is re- 
membered that the mortar used was 
inferior to our present-day Portland 
cement, it seems to show very clearly 
that reinforced concrete is to play an 
increasingly important part in the 
future of all constructional work. It 
is common knowledge that we are 
using this method of construction for 
many of our large buildings, and a 
recent example of constructional work 
is the new England lawn tennis stand 
at Wimbledon. Except for the doors, 
window frames, seats, and roof, this 
huge structure, with its accommoda- 
tion for 14,000 spectators, covering an 
area of 40,500 square feet, and con- 
taining some three miles of seats, is 
built entirely of reinforced concrete. 
The exterior of this structure has no 


ornamentation except that formed by 
the concrete itself. Nevertheless, the 
finished building has a very pleasing ’• 
and business-like appearance. 

Railway Trucks 

Another recent example of special 
application is the use of reinforced 
concrete for the building of railway 
trucks. Recent experiments carried 
out in Germany with railway trucks 
of this construction show that they 
are capable of resisting severe shocks. 

It is on record that a fifteen-ton con- 
crete truck was run at the rate of 
twelve miles an hour against a buffer 
stop, and at seventeen miles an hour 
against a stop block — on both occas- 
ions without injury. Still another 
recent application is the use of hollow 
concrete poles for the purpose of 
carrying electric overhead tmnsmis- 
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sion lines. Such poles, 60 ft. high, 
have been erected in Sweden for this 
purpose. They are hollow, and are 
made by what is known as the cen- 
trifugal process, a method which is 
now adopted for the manufacture of 
concrete pipes for drains and other 
purposes. Incidentally, this method 
of making pipes is a substitute for the 
ordinary moulding method, the con- 
crete being placed in a cylindrical 
tube which is rotated at a high speed, 
and due to centrifugal force the con- 
crete forms into a hollow pipe, the 
finished product being a very sound 
article with both smooth internal and 
external surfaces. 

The use of reinforced concrete for 
road construction is another very 
large field in which this material 
seems destined to play a large and 
important part, and some interesting 
work in this direction is being carried 
out on many main roads. 

, Concrete and Steel 

Considering, now, the general char- 
acteristics of our subject, the designa- 
tion ** reinforced concrete/* generally 
adopted by British and American 
engineers, is not altogether appropri- 
ate, because it conveys the idea of 
concrete reinforced by the addition of 
«steel, and* does not indicate that the 
sted is also reinforced by the concrete. 
Further, it does not express the com 


bination of two materials possessing force when forming a member of a 
equally valuable properties, in such structure. 

a way as to enable them to act jointly Concrete is a material which the ex- 
m opposing resistance to external perience of thousands of years has 
forces. The combination was perhaps proved to be unrivalled in respect of 
better expressed by some of the permanent strength $nd resistance to 
earlier terms, such as concrete-steel the process of natural decay affecting 
or ferro-concrete, but the main idea all other structural materials to their 
to be kept in mind is that the struc- ultimate destruction. In structures 
ture is a combination of concrete and where the principal effect of the ex- 
steel, and that each of these con- ternal forces is the development of 
stituents plays its part in resisting compression stress, concrete is at its 
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best. • Possessing high resistance to 
compression and capable of effective 
resistance to tension within reason* 
able limits, concrete construction is 
greatly superior to masonry and brick- 
work, whose stability depends mainly 
upon the force of gravity, aided to a 
small extent by the mortar joints. 

On the other hand, concrete is not 
an economical material for forms of 
construction where the principal effect 
of the external forces is the develop- 
ment of tensile stress, or the develop- 
ment of coiypressive and tensile 


stresses in approximately equal pro- 
portions. The reason is that, like cast 
iron, concrete is considerably weaker 
in tension than in compression. There 
is no doubt that the early use of rein- 
forced concrete by the Romans was 
due to an intelligent recognition of 
this fact, which, in like manner, 
accounts for the modern development 
of the same material. 

Although a very new material in 
comparison with concrete, structural 
steel is entirely reliable in respect of 
strength, its only weak point being an 


extreme susceptibility to # corrosive 
influences. However, when embedded 
in concrete the steel is effectively pro- 
tected or reinforced against corrosion, 
and, thanks to the aid so furnished, is 
qualified for employment in perman- 
ent structures, for the purpose of 
taking an assigned sham in the duty 
of resisting the stresses developed by 
the application of external forces. 
Reinforced concrete may be defined 
as a combination of concrete and 
•teal, wherein each material is ap- 
plied so that its distinctive proper- 

* ties are utilised to the best advantage, 
and is essentially different from steel 

• work merely encased in concrete. 

Strength and elasticity are two 
marked characteristics of reinforced 
concrete, which also possesses the 
valuable property of increasing in 
strength *and durability. It also 
combines the structural advantages 
of rigidity, impenetrability, imper- 
meability, resistance to fire, and 
economy both os regards first cost 
and the elimination of the main- 
tenance charges necessary in the case 
of all other structural materials. 

Other advantages are to be found 
in the rapidity with which works can 
be executed, and in the fact that the 
constituent materials are readily ob- 
tainable in all districts, the steel re- 
quiring no preliminary workmanship, 
and the sand and aggregate for the 
concrete being frequently available 
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in the ^dcinitv of the work* to be 
executed; 0 

Monolithic Charact^ 

•» 

Reinforced concrete structures differ 
from those erected in accordance with 
ordinary methods in the respect that 
the entire fabric is of monolithic 
character, the concrete being in per- 


of acting as a single unit in case of 
emergency, and if* unexpected local 
stresses are suddenly developed by 
earth movements or any accidental 
cause, the integrity of the structure 
is maintained in consequence of the 
aid which is rendered by contiguous 
structural members to the part 
affected. • 


tion, the engineer is enabled to depart; 
from the custom of emptying material 
in heavy masses, and to adopt forms 
of design akin to those fouirti in steel 
construction. Apart from the gain of # 
interior space in buildings, reservoirs, 
and structures intended for storage 
i purposes, importAit economies are 
ejected by this method of design. 

• * . * 
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feet connection throughout, and the Another distinctive feature cliarac- Tl^ saving of material°in the super*' 

steel affording a further assurance of tensing all reinforced concrete strac- stfucture naturally has the effect of 

continuity and mutual action be- tures is that of-tfghtness or slender-* reducing the load' to*be transmitted 

tween the various members of the ness, in comparison with the heavi- to <£he earth, thereby reducing the 

structural elements. Therefore, an^ ness or massiveness of plain concrete, cost of foundations, and obviating 
well-designed and properly built rein- brick, and masonry structures. Thanks the difficulties which frequently occur 

forced concrete struct is capable to the elastic strength of the combina- in work of the kind. 



j Constitution of Concrete 

C6ncrete is formed by mixing to- 
gether fragments of storm or other 
hard, inert matter with a certain pro- 
portion of sand and cement, the latter 
ingredient forming the binding ma- 
terial which binds the whole into one 
solid mass. In reinforced concrete • 
work the use of broken stone or gravt^ 
is hecessary.in order to produce con-* 
Crete of adequate st^ngth and dura- 
bility, and, for the satye reason, Port*, 
land cement is employed as the 
cementitious material, instead of any 
of the varieties of # lime ami other 
cements which are still largely used 
in ordinary construction# • * 

The grading of the sizes of tfie in- 
dmdualjrieces whicji form the aggre- 
gate is a matter of jyime importance. 
It will be readily understood that in 
a heap of broken stones each indi- 
dividual stoi^, say 2 in. in diameter, 
will fowl a mass which is not solid, 
because of the gaps or voids between 
the stones themselves. If, however, 
a proportion of smaller stones, graded 
in sizes to fill these voids, is mixed 
with the 2 in. stones, then the original 
heap will more nearly approach a 
solid mass. To go one step further, 
and mix the original stones with 
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smaller graded stones, and, in addi- 
tion, add a proportion of sand, then 
the resulting heap, if the mixture is 
properly graded, will approach to the 
ideal solid mass which is aimed at for 
a good concrete mixture. Cement is, 
of course, finally added as the binder, 
when, after mixing with water, the 
very fine cement fills up the tiny voids 
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between sand particles, and the sand- 
cement mixture fills up the voids be- 
tween the larger stone pieces. All 
the particles, large and small, should 
be well coated with sand-cement mix- 
ture and cement respectively, and 
when the cement hardens by a process 
of chemical reactions, the whole solidi- 
fies into a compact, crystalline mass. 


LOW TEMPERATURE CARBONISATION ( Table referred to on page 591) 


TIUIANSTONE (KENT) COAL. 

Date received, 2nd May, 1922. Tested 4th May. 1922. 
Analysts. 

Percentage contents of — As received. 

Volatile matter ... 26.73 ••• 27.1* 

Coke 71.84 7288 

Ash 14.18 ... 14.39 

Fixed Carboi# ... 57.66 ••• 58.49 

Free Moisture 
Hygroscopic Moisture 


CHISI.KT (KENT) COAT,. 

Date received, 2nd May, 1922. Tested 4th May, 1922. 
Analysis. 

ntage contents of— As received. 

Volatile Matter ... 29.35 ... 28.92 

ok.. ... 60.06 ... 70.18 

12.68 ... 12.89 

fixed Carbon ... 50,38 ... 57.29 


Thermal Values- Available as received. As dried 

Calorific value ... * 12,554 ... J 3.150 Bfh.U 8. 

.Carbon equivalent ... — ••• ,**2?,. 4 . 

Vrorativ.p*"er 12.99 ... " 

212° F. perlb. 

of coal. 

l£>W TEMPERATURE FEEL FROM ABOVE. 

Analysis. 

tage contents of— As revived. As dried, 

datile Matter ... 8-73 ••• 8.84 

90.02 t ... 91.16 

£;;; n.82 ... 18.05 

r#»d Carbon *... 72.20 ... 73.11 


Percentage contents of — 
Volatile Matter 
Coke ... 

Ash 

Fixed Carbon 
Free Moisture 
Hygroscopic Moistur 
Nitrogen 


Percentage contents of — 
Volatile Matter 

Coke 

Ash 

> Fixed Carbon 
Free Moisture 
Hygroscopic Moisture 

Thermal Values — A 

Calorific value* 
Carbon equivalent ... 
Evaporative power 


Thermal Values— Available as received. As dried. 

Calorific value ... 12.719 ... MM B.Th.U ». 

Carbon equivalent ... ; 0 f WB ter 

Evaporative power H17 - 13 ^ Bnd * t 

212° P. pet lb. 
of coal. 

DOW TEMPERATURE FUEL FROM ABOVE. 
Analysis. 

tage contents of - As received. A* dried, 

datile Matter ... 10 50 ... 10.75 # 

lke 87.92 ... 89.25. 

;h ' 14.02 ... U.84 

Carbon ... 73.30 ... 74.41 e 


Available as received. As dried 


12,000 B.Th.U's. 
11,924 

13.04 lb. of water 
from and at 
212* F. per lb. 
of coal. 


Percentage contents of - 
Volatile Matter 
Coke ... 

Ash 

Fixed Carbon 
Free Moisture 
Hygroscopic Moisture 

Thermal Values — A 

Calorific value 
Carbon equivalent ... 
Evaporative power 


Available as received 
12,540 


As dried. 
10.75 
89.25* 
14.84 
74.41 


As dried. 

13,075 B.Th.U's. 

19 401 

13.53 lb. of water 
(fbm and at* 
212° F. perlb. 
of coal. 
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Air Filtration for 'Industrial 


N D .1 A 

: — t 

i 

Purposes • 


A subject which covers a wide industrial field , and one which 
not only promises to secure the health of the worker , but also 
to ensure important economies in the process of manufacture. 


T HK subject of air filtration 
covers a very wide indus- 
trial field, for the needs «bt 
human life it is necessary 
• that the air we breathe 

should be of a sufficient clegree of 
purity, in addition to having tht* 
correct degree of humidity. But on 
the purely manufacturing side of in- 
dustry the process of filtering air has 
become a very important one, not 
only for the purpose of n^noving im- 
purities, but also for the actual re- 
covery of such impurities. The word 
44 impurity " is not strictly a correct 
term to use under these circum- 
stances, because useful products are 
very often recovered, such os ma- 
terial in a fine state of division in 
cement works, chemical works, flour 
mills, textile mills, porcelain factories, 
abrasive wheel works, and so forth. 
Another branch of what may be 
termed air purification is that in 
which combustible gas is made suit' 
able for use in gas engine cylinders 
or for burning under steam boilers. 

In all these different applications, 
however, the principles involved in 
the actual filtration process are very 
similar, and may be broadly divided 
into two classes ; firstly, 
those employing fabric or 
similar line materials which 
act as a positive dry filter- 
ing medium, and secondly 
the wet process, when the 
air to be filtered passes 
through a fine water spray, 
of which there are many 
different arrangements. 

The question of the filtra- 
tion of air for ordinary mill 
or factory use immediately 
overlaps with the problem 
of heating and ventilation. 

The trend of development 
in modern factory practice 
is to mstal mechanical 
means # for supplying the 
air necessary for the pur- 
pose of ventilation ; and 
this system lends itself ad- 
mirably to heating the mill, 
as it is only a matter of 
^passing tiie incoming air 
over heated steam-pipes in 
order to raise it* 'to the 


temperature required in the mill at- 
mosphere. This system has the 
further great advantage that it is a 
simple matter to give the incoming 
air the correct degree of jiumidity 
before allowing it to enter the mill 
building. Incidentally, it may be 
recorded here that leading authori- 
ties appear to agree that the correct 
degree of humidity in the air we 
breathe is just as important as the 
minimum CO2 content, and, in fact, 
some authorities go so far as to say 
that it is even more important. 

The Water Spray 

This brings us to the point of filtra- 
tion. The air is humidified by passing 
through a water spray, and during 
this process the impurities held in 
suspension are washed out. The 
washing or filtering process may take 
place by passing the incoming air 
over wet fabric or other wettened 
surface in any convenient form, or by 
passing through a water spray. The 
latter method is now generally adopted 
as a standard practice, and the general 
arrangement of the apparatus is as 
follows. A chamber of suitable di- 
mensions is arranged with an inlet 


for the incoming air, and at the outlet 

fixed a fan to create the necessary 
suction and draw the air through the 
apparatus. The interior of the cham- 
ber is arranged v^ith a large number of 
water nozzles, which are capable of 
discharging *water sprays, in a very 
finelyMivided state. The result, when 
all ot these sprays are in opqjation, is 
completely to fill the chamber with a 
cloud of very fpie water mist. The 
incoming air passing through this 
water-cloud is very effiqently washed 
of its impurities, and before •leaving 
the chamber the direction of flow is 
generally diverted by means of suit- 
able baffle plates, for the purpose of 
removing any solid matter which may 
remain before the filtered air 
reaches the fan and passes out of 
the apparatus. 

Sturtevant Water Spray 
Air Filters 

These plants comprise a rectangu- 
lar passage, or mist chamber, open at 
the ends and erected over a shallow 
tank which is usually *18 in. deep. In 
the chamber is fitted a nest of sprayers 
attached to vertical pipes by means 
of which a water mist is directed and 
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mixed with the aix passing 
horizontally through ^ie ap- 
paratus.* The inlet end *f 
the chamber is usually pro- 
vided with a set of vertical 
louvres, and in the outlet 
end a similar set of more 
elaborate louvres, kfiown as 
eliminator plates, are fitted. 

The circulation # of the 
water to the sprayers is 
maintained by means of a 
small motor-driven centrifu- 
gal pump, which, taking^the 
water from the tank at the 
base of the apparatus, re- 
turns jt to # the sprayers tfti 
the mist chamber. 

A portion of the eliminator 
plates is ftept wet by # means 
of a battery’ of sprayers 
arranged under the ibof of 
th£ apparatus, and fed by 
a by-pcss pipe leading from 
the deliver)’ side of the 
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pump. 

The apparatus functions by the 
intimate mixing of the air and water 
mist which is driven forward oil to 
the wetted surfaces of the eliminator 
plates, where both the dirt and the 
free moisture are carried down into 
the tank. When operating correctly, 
the portions of the eliminators where 
the air leaves the apparatus should 
be quite dry. 

It is the usual practice to fix on the 
outlet end a conical connection ap- 
proximately 3 ft. long, to ensure an 
equal air velocity between eliminators. 

The water from the tank is drawn 
through suction screens of ample area, 
the design of which varies according 
to circumstances, but they are usually 
rectangular, and slide in grooves from 
which they can be easily withdrawn 
for cleaning. As an additional safe- 
guard, a pot strainer is placed on the 
delivery pipe consisting of a copper 
gauze pot inside a cylindrical casting. 

A stand pipe is provided on the 
bottom of the Mnk to maintain the 
water* at the correct working level. 
This stand pipe is a special fitting 
designed for t^)e apparatus, and so 
arranged on a central spindle that it 
can, when required, be raise(f 1£ in. 
from the bottom of the tank, t|jus 
affording an opening for cleaning. 

The water service to the filter is 
provided through two valves mounted 
on one fitting: The larger valVe serves 
for filling when the apparatus is 
charged, and tho smaller valve, which 
is usually kept open, is c6nnected # to 
a ball valve in order to make good 
any * wastage that occurs through 
evaporation or ottyer reasons. 


We will now consider in some detail 
the dry process of filtration for differ- 
ent industrial processes. It will be 
readily understood that the atmos- 
phere, for example, of a flour mill, or 
cement works, or the turning shop of 
an abrasive wheel factory, soon be- 
comes laden with fine dust from these 
different processes. In some cases, 
such as in a flour mill, this dust-laden 
atmosphere is extremely dangerous, 
and readily forms an explosive mix- 
ture with the air. In any case such 
dust-laden atmosphere is not fit to 
breathe, while the dust itself is often 
worth recovering as an actual com- 
mercial proposition. 

To recover this fine dust by the dry 
process, some form of fabric filter bag 
is generally used, and the general 
arrangement of the plant follows along 
the following lines : The filter bags are 
mounted within a casing, which is, of 
course, scaled to the outside atmos- 
phere, divided into compartments, 
each of which carries a nest of filter 
bags in the form of long fabric tubes. 
The top ends of these tubes are closed, 
but the bottom ends open into a com- 
partment chamber below. From this 
chamber the incoming dust-ladened 
air enters the insidq of the fabric tubes, 
and, passing through the fabric walls, 
drops its dust content, which either 
clings to the inside wall of the tubes, 
or arops down into the chamber below. 
The filtered air passes through its par- 
ticular compartment and away to the 
pure air conduit. 

The fabric tubes, however, very 
soon become clogged up with the 
dust, which dings to their inner walls, 


and therefore some method must be 
used to remove this dust if the appar- 
atus is to work eflkiently and con- 
tinuously. This cleansing process is 
usually carried out in a very effective 
manner. Normally the fan draws the 
dust-laden air through the filter tubes, 
but a suitable arrangement of valves 
enables the fan to draw, when re- 
quired, pure air from the atmosphere 
through these tubes in the reverse 
direction, and so push or blow the 
dust off the inside surface. While 
this reverse current of deansing air 
is passing, the tubes are agitated or 
shaken in a vertical direction, and 
the result of this combined action of 
shaking and the passage of a reversed 
air current Is very effidently to re- 
move the dust. The process takes 
place quite automatically at regular 
intervals by means of suitable mech- 
anism which is mounted on the filter 
casing, and the arrangement is such 
that one compartment is being deared 
while another is filtering the incoming 
dust-laden air, so that the apparatus 
works continuously. 

There are many applications^ this 
general principle, and these vary only 
in detail in accordance with any 
special arrangement of the industry. 
In the case of removing and collecting 
emery dust, for example, thg dust- 
laden air would first enter a cyclone 
and chamber arranged with baffle 
plates, in order to remove the heavier 
particles before the air reached the filter 
bags. Another example is the case of 
hot gases from certain metallurgical, 
ftraaces, when the gases are first 
cooled before entering the filter tubes. 




The filter-bag principle Va» long in 
use for filtering blastfurnace gas be- 
fore it was suggested to utilise the 
latter in gas-engine cylinders. In this 
difficult branch of industrial filtration 
the filtering medium tiikes many 
different forms, particularly for the 
cleaning of producer gas, in which it 
is the general practice to use both the 
wet and dry methods. The crude gas 
first passes through a vessel filled 
with coke or other suitable medium, 
which is kept in a wet state by means 
of a water spray, when the gas passing 
up through the wet coke is relieved 
of its solid contents by a washing and 
scrubbing process. After leaving the 
wet scrubber or purifier the gas is 
passed to a dry scrubber consisting 


of a vessel filled with a dry filtering 
medium such as sawdust, wood shav- 
ings, or similar material, which re- 
moves the moisture from the gas col- 
lected in passing through the wet coke 
scrubber. 

Another form of air filter is that in 
which oil is used as the filtering 
medium. This consists of a casing 
divided into compartments which are 
filled with a very large number of thin 
coppered steel rings, wliicli are kept 
coated with a special thick oil. The 
impurities in the air passing through 
the filter cling to the oiled-coated 
surface of the thin rings, the purified 
air passing on. 

One of the more recent applica- 
tions of air filters is their use in 


* 

modern power stations. The preseflt- 
day large turbo-alternators require a 
regular supply of cool, clean air 
through the body of the machine. It 
is necessary that this air be clean, 
otherwise the small ducts through the 
windings would soon be clogged up, 
and it should be cool in order that 
the output of the generator may* be 
maintained without rise of tempera- 
ture. It is usual to draw the air 
through a filter in the basement of 
the turbine-house, and after passing 
through the alternator the air is 
allowed to enter the room by way of 
the top of the alternator casing. The 
air filter for this special purpose is 
generally a combination of the wet 
(Continued on page 691.) 
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The Fr.ob terns of the Engine ’Indicator 

BY LOUGHNAN PENDRED, M.I.MECH.E. • 

In the following paper , read before the Institution of 
Mechanical Engineers , London , an instructive survey is • 
made of the fundamental problems of the engine indicator . 


S OME members may recall the 
discussion provoked nearly 
forty years ago by Osborne 
Reynolds at the Institution 
of Civil Engineers, which may 
be read profitably in the eighty-third 
volume of the Proceedings of that 
Institution. The famous professor 
ventured to assert, and endeavoured 
to prove by mathematics and by the 
analysis of experiments made by Mr. 
Brightmore, and reported on the 
same occasion, that the steam-engine 
indicator was a much more fallible 
instrument than was gefte rally sup- 
posed. Many of the great engineers 
of that day stoutly denied the charges 
and affirmed their unshaken belief in 
cards taken by%killed operators. This 
old paper is referred to now because 
whatever differences of opinion about 
the quantitative value of Osborne 
Reynolds' results maf be justified, 
thfire can be # no question that he 
examined with his accustomed skill 
and accuracy all the qualitative 
faults -of indicators and their gear. 
In the interv?ning years the matters 
that he dealt with — the inertfe of the 
parts, the elasticity of the cord, the 
friction of the pencil, the varying*pull 
of the drum-spring* and last, but not 
least, the periodicity ok free vibration 
of the spring;— have become* familiar 
to every student of engineering. Tkey 
are still, as they were then, the prob 
lems of the indicator, but they have 
been magnified in importance by* the 
augmentation of pressure and the 
increase in speed of engines, whilst 


a new problem has been introduced 
by the adoption of temperatures far 
higher than any with which Osborne 
Reynolds had to deal. 

Did time permit it would be not 
unprofitable to follow the develop- 
ment of the indicator from its in- 
vention, by James Watt, and its im- 
provement, by McNaught, through 
the numerous designers who, step by 
step, have removed its faults and 
evolved the beautiful optical indica- 
tors of to-day. That course cannot 
now be followed in detail, but the 
Council of this Institution has thought 
that cohesion would be given to this 
symposium if the nature of the prob- 
lems which inventors have had to 
face were placed in broad outline 
before the meeting. 

Inertia. The greatest of all these 
problems is in the case of mechanical 
indicators, the inertia of the piston 
and the pencil mechanism. It soon 
became evident that satisfactory dia- 
grams could only be obtained if the 
stroke of the piston were short. 
Hence magnifying mechanism had to 
be employed. It took, and still 
takes, the form of a lever giving a 
multiplication of either four or six 
times. In Gooch's locomotive indi- 
cator a plain lever was employed and 
tlfe pencil in consequence struck a 
curved line. A correspondingly curved 
scale had to be used for the measure- 
ment of the pressure and to overcome 
that inconvenience straight line mo- 
tions of one kind and another came 
into use. The outstanding character- 


istic of the different indicators is to 
be found in the form of straight line 
motion employed. The object sought 
is a linkage that can be made ex- 
tremely light, but robust enough to 
stand fairly rough handling, and 
accurate enough to give a substan- 
tially straight line through the work- 
ing portion of the stroke. The 
famous Richards indicator used the 
Watt parallel motion, It was fol- 
lowed by the Thompson indicator of 
1875, in which the Scott-Russell 
motion was employed, and by other 
modifications of linkage— of which 
the Crosby is the most familiar — 
and by partly-guided mechanism of 
the Tabor and Darke form. In each 
successive case the inventors en- 
deavoured to find a mechanism which, 
whilst fulfilling the requirements, 
could be made lighter than that of 
predecessors. Through the courtesy 
of the Director of the Science Museum, 
South Kensington, where a very in- 
teresting collection of indicators is 
preserved, the author has been enabled 
to show the total weight of all the 
moving parts with the exception of 
the springs. The weight of the spring 
cannot be neglected, and it is usual 
to take one-half or one-third of it 
into account. It is needless \o point 
out that the mere weight of the parts 
does not give us a complete clue to 
their effect. The parts move in 
various directions with various accel- 
erations, ayid have various moments 
*>f inertia, each one of which has itl 
own proper effect upon the pencil* 
» 
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TABLE. 

P ARTICULAR 8 OF STgAM-ENGINE INDICATORS IN fllE SCIENCE MUSEUM, SOUTH KRNSIXGTON. 


Date 
of In- 
vention 


Name of 
Indicator. , 
(Name of Maker.) 


Weight oU 
Piston and 
Rod. 


Weight , 
of Linkwork 
for Parallel 
Motion. 


Total Weight 
of Parts ! 
receiving 
I Direct a 
Motion. 


Watt's. 

(Boulton Watt 
and Co.) 


Me Naught, 
(Probably 
McNaught.) 


(a) McNaught. ! 
(Chad burn Bros.) 


l'-l lb,/sq." j 1 sq." 
Max. press, 
reading 

3.5 lb./sq." | 

l"-4 lb./sq." Isq." 
Max. press, 
reading 
5 lb./sq." 

l"-20 lb./sq." 0.25 sq." 
Max. press. 

30 lb./sq." 


Inner spring Extra spring Inner spring 
25.5 0.90 18.5\ l'-10.53 lb./sq." 


i (reciprocat- 


r-10.53 lb./sq 
Ex. sp. com- 
bined scale 


ing weight.) 1" -21.00 lb./sq/ 


0.25 sq." 


gm. or. 
145 *5.12 


67.5 2.38 

Combined 
scale 

93.0 3.28 


ifiner spring 
2.38 Max.press.ftading 
ned 13 lb./sq." 
e Combined scale 

3.28 Max. 26 lb./sq." 


Similar to (a) & (b) 
but larger & main 
spring In tension 1 
above atmospheric': 
instead or in j 
compression. 

1840 Hop kin son. ! 

(Hopkinaon.) j 


Deta ils not measure d. 


Inner spring 
6 0.212 


Upper spring Inner spring 

i, {“•ni.o«! , '-* o - 7 » i w 

-flo.Oj Max. press. 

| (reciprocat- ; 15 lb./sq." 

1 in 8 weight.) j Upper spring 


I Richards . 30.51 1.08 

j (Elliott Bros.) Including 
j" Improved Patent milled nut 

j Steam-Engine fastening to 
Indicator.” parallel motion 
links. 


Max. press. 

15 lb./sq." 

| Upper spring 
combined scale 
I r-51.1 lb./sq." 

Max. press, j 
| 70 lb./sq." i 


16.02 0 566 *15.72 

Ratio tracing i 
point to piston ! 
displace n lent 
4 : 1 . 


r-8 lb./sq." 
Range 

10-15 lb./sq.' 


2.20 Has linkwork for 
parallel motion & 
interchangeable 
springs in various 
pressure scales. 


Manufacturer's 
No. 1004. 
(Earlier make than 
above.) 

Kenyon's. 
(Isaac Storey 
| and Sons.) 


Tabor . 

Uohn Musgrave 
and Sons.) 

Darke's. 
(Elliott Bros.). 


27.03 0.976 

Including as 
above. j 


12.18 0.43 24.1 

Ratio as j 

above. 29 48 


| 20.86 0.736 

Ratio of 
tracing point 
travel to 
Bourdon Tube 
displacement 
24 : 5. 


10,63 0.603 2.68 0.095 22.71 

Including Ratio of 

connections to displacements 
tracing arm. 5 : 1. 

20.38 0.72 5.31 0.187 

Including (Tracing arm) ! 

milled nut ratio of ! 


l"-20 lb./sq." 
15-47 lb./sq." 
1 "—40 lb./sq." 
15-1 10 lb./sq." 


| Diagram j 
scale given by; 
j Bourdon tube 
l"-50 lb./sq."j 

! •! 


0.80 l"-40 lb./sq." 

1 37 1"-100 lb./sq." 


5.31 0.187 | 8.10 0^ l"-20 lb./sq." 


(Tracing arm) 
ratio of 


connection to displacements 
tracing arm. • 4:1. 


Range 

15-20 lb./sq." 


Has Bourdon 
Pressure Tube 
instead ofepiston 
*and spring. 


33.79 1.19 


^or high-speed 
engines, tracer 
guided by slot 
(fixed) instead of 
by linkwork: 
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TABLE. 


•PARTltuiAR^ OP STEAM-ENGINE INDICATORS IN fllE SCIENCE MUSEUM, SOUTH KENSINGTON, 


• 

Date 

— a •_ 

Naxfie of 

Weight of 

j 

| Weight 

Weight 

of 

&ale 

of In- 

Indicator. 

Piston and 

of Linkwork 

of 

vention 

(Name of MakdT.) 

Rod. 

6>r Parallel 

Spring. 

| 

Spring. ! 

• 

— i_ 


!• Motion. 

s 

* ! 


1879-82 


1888 


1893 


Crosby. 

(Croaby Steam 
Gauge and Valve 
Co.) 


Mclnnes-Dobbie. 
(Dobbie Mclnn^s, 
^ Ltd.) 

“ Improved Form,! 
Large Size, Desijv 
No. 1, External 
Sp^ng." 

V 

Wayne's. 
(Elliott Bros.) 


gm. oz. * gm. oz. ) gm. 

16.23 0.64 | 3.20 — 17.69 

including j including a j 
Taper pin I Taper pin not j 
connection to included unc^i 
linkworlc of Piston, etc. j 
pyillel motion | Ratio 6 : l. 


oz. 

0.63 


38.02 f.34 


10.10 0.36 

Ratio 0:1. 


14.00 0.494 

17 81 3.63 

21.92 0.78 


! 


(82.82 2.92) 

Including 
semi-rotary 
piston and I 
spring and 
rotary shaft on 
which both are 
mounted. 


Pencil arm 
and screw 
fastening to 
rotary shaft, 
9.42 0.333 


Included 
under piston 


lMO lb./sq/ 


l*-lfl lb./aq/ 
Range. j 
15-21 lb./aq/ | 
l # -40 lb./sq/ 
up to 90 lb./sq/; 
l # -80 lb./sq. 
up to 

180 lb./sq/ 

l'-40 lb./sq.* 
Spring 
in torsion. 


Piston 

Area. 


0.1 sq/ 

0.5 sq/ 


Total Weight 
of Parts, 
receiving 
Direct 
' Motion. 


Remarks. 


gm. 

36.12 


1894-5 | 

I 


Present j 


Simplest. 
(Elliot Bros.). 


26.53 0.94 


About 

7.00 0.247 116.77 0.59 7 lb./sq/ above; 

Unable to take Half above j atmospheric 
adrift as parts !wt. carried byj pressure of 
riveted ; framework | 15 lb./sq/ 

together. I (bow spring) 


Casartelli . — 


oz. 

1.26 

1 . 1 * 

l.l* 


For high-speed 
engines. 

Steam \ Present 
Gas / day. 


62.18 2.19 Smaller sizes 
i | suitable for high* 

speed engines were 
i 65 93 2.33 ,made at the same 
,date as this model. 
I 71.04 2.40 | and with lighter 
| parts and internal 
! | springs. 


Diameter of 
cylindei 1/ 
diam. shaft 
in cyi. i*. 
Area of each 
of the 2 vanes 
on which | 
pressure acts 
- (*>'0 
-r*q/ I 

0.5 sq/ 


942 0.333 

-f- Torque 
value on 
piston, etc. 


41.92 1.48 


1.5* 

1.25* 


No linkwork for 
parallel motion. 

Semi-rotary piston 
and horizontal 
shaft directly 
actuating pencil 
arm. 


Ratio of tracing 
point and piston 
displacements 
4: 1. 




area piston. 


• Supplied by makers. 


The analysis of that effect, as may 
well be imagined, is one of no small 
intricacy. 

Before leaving this very important 
problem, it should be noted that since, 
in very high-spee<J engines, internal- 
combustion moto'rs particularly, the 
load is suddenly applied and, what is 
of great importance, is very rapidly 
removed,* it amounts virtually to a 
blow, and causes such serious inertia 
effects'by driving the pencil far above 
its true position, and such violent 
spring oscillations, thpt reliable indi- 
cations at a speed above, -pay, 300 to 
400 r.p.m. are impossible. Another fact 
of a mechanical' nature must also bs # 
mentioned. Indicator manufacturers 
have found it imperative, to make 
hinges bigger, and consequently 
heavier, to meet increased loads. 
It is probable that even now there 


is, after a certain time, enough wear 
in the joints seriously to affect the 
area of cards. 

Spring Vibration. — Mention has 
been made of the necessity of re- 
ducing the stroke of the piston. This 
necessity arose from a condition which 
obtains as well in the optical indicators 
of to-day as in all mechanical indica- 
tors. A long stroke is associated with 
a long spring, and the period of free 
vibrations of long springs of suitable 
dimensions is so great that a wavy 
line is drawn by the pencil in place of 
a steady line. But if a short and stiff 
spring be employed the frequency of 
vibration becomes so high that within 
certain limiting speeds, the waves, 
which are very small, are damped out 
by the friction of the piston, of the 
pencil, and of the joints. Osborne 
Reynolds found that if there were 


thirty complete oscillations per cycle 
a fair diagram was drawn. Hence the 
natural frequency for springs must 
not be le?s than thirty for moderate- 
speed engines ; it must be much higher 
for high-speed engines. In optical 
indicators of the Hopkinson or Bur- 
stall type extremely stiff springs are 
used, springs, that is, with a natural 
frequency of something approaching, 
or even exceeding, 1,000 per second, 
and with an extremely short stroke. 
But these instruments are intended 
for indicating liigh-speed internal- 
combustion engines, engines giving 
impulses to the spring at any rate up 
to thirty-five per second, and at the 
same time exerting very high pres- 
sures. In disc type indicators, that 
is in indicators which use a fl^t metal 
disc as the spring, the natural fre- 
quency is possibly still higher. Such 
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springs have even at speeds up to 
1,600 r.p .m. no injurious oscillation ; 
but since they are, when combined 
with their attachments, appreciably 
ponderous, their inertia may have a 
sensible effect when it is recalled that 
they have to be giv.tn their maximum 
deflections in a minute fraction of a 
second. 

If we assume that combustion is 
complete when the piston has moved 
through 15 deg., then in an engine 
running at 1,800 r.p.m. the maximupi 


deflection must take place in ^ of a 
second. It may help us to form 
some sort of a Conception of this 
exceedingly brief period if it is stated 
that the distance through which a 
body would fall from rest in that 
interval of time is no more than *^3 
of an inch. 

In one indicator, designed by the 
'Royal Aircraft Establishment, the 
moving portion is made extremely 
light, and this Cause of error or lag 
should thus be obviated. This indi- 
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Cro«by ** New H Indicator 


Crosby VtUvt *nd En&nttrit if Co. Ltd. 


cator works on a new and very 
interesting principle. Imagine apis” 
ton to one $ide 6f which is applied a 
steadily increasing air-pressure, whilst 
the other side is subject to the varying 
pressure in the engine cylinder. It fi* 
obvious that at the instant when the 
two pressures arg equal the piston 
will be in equilibrium, and that the 
lightest increase of the eygine pres- 
sure will cause it to move. II the 
pjston is caused to break an electrical 
Contact, then 4 record may be ob- 
tained of the. very instant at which 
equilibrium was passed. A second 
record will also be obtained when the 
engine pressure is falling ; for, in that 
events moment will be reached when 
the air pressure will overcome the 
cylinder pressure land drive the piston 
back again. Tfiit is the principle of 
the R.A.E. indicator. By the pro- 
vision of suitable means, the records 
are made by an electrfb spa^k on a 
revolving paper drum. This indicator 
has the very great advantage that 
there are no reciprocating parts, and, 
consequently, no inertia effects, but 
it has the drawback that a consider- 
able number of cycles — as many as 
125 — are required to produce a single 
card. The reduction of the auto- 
graphic records to the familiar form 
occupies a good deal of time. Never- 
theless, for special purposes, as, for 
example, the indication of aero- 
nautical engines in flight, it is a most 
promising invention. • 

All indicators designed for the 
highest speeds differ in one important 
respect from the familiar mechanical 
indicators. Their portability is far 
less ; they are, without exception, 
rather the instruments of the labora- 
tory than of the engine-house or its 
equivalent. There remains therefore 
still plenty of scope fcr the invention 
of an instrument which could be 
carried about as readily as a Tabor 
or a Crosby, which could be used on 
board a motor ship, a motor lorry or 
an aeroplane, and wtfych would enable 
us to indicate such engines with as 
much precision as moderate-speed 
steam engines and interi^d - com- 
bustion engines. Th£ miniature dia- 
gram • indicator produced by the 
Cambridge & Paid Instrument Co., 
approaches, at the moment, most 
closely to the requirements. 

The Drum and Its Mechanism . — 
Attention must now bp directed for a 
fcw moments to the drum and its 
mechanism, and tq the equivalent 
devices in vindicators of special form. 
Simple as it may appear to be to copy 
precisely, on a reduced scale, die 
movement of a piston, it is in fact. 
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second, and the nattye of t the diffi- 
culty will be understood. 

It is.impossible in the time at our 
disposal to deal with all the problems 
connected with the reducing mechan- 
ism and the influence of the cord. It 
must suffice to Tsay that for speeds 
above 500 r.p.m. no reliable recipro- 
» eating gear has been yet iu vented, 
and to refer those who desire to stydy 
the subject to the literature of the 
subject. Neither is it possible to 
devote time to the question of the 
effect of temperature upon helical 

* springy It is known to be important, 
and as a consequence the use of 

* indicators with external springs has 
greatly increased. Unfortunately in 
some designs it is found necessary to 
use an extended piston-rod which 
causes an increase of weight and 
inertia. § 

Springs and Pistons . — The influence 
of piston friction was not fully appre- 
ciated until attempts were made to use 
indicators at high speeds. As soon as 
it was recognised, the causes were 
examined and the distortion of the 
spring under load was immediately 
noted. It is well-nigh impossible to 
make a helical spring so accurately 
that whilst being compressed it will 


a problem of some difficulty at any- 
thing above speeds not exceeding, 
say, 300 or sb r.p.m. The problem 
may be divided into three parts : (1) 
disturbances caused by the reducing- 
gear itself ; (2) disturbances caused by 
the cord, and (3) disturbances in the 
drum. Under the first heading we 
have to deal with the ever-present 
obstacle of inertia and with defective 
joints, in the second with elasticity, 
and in the third with inertia once 
more, and — in mechanical indicators 
— with the drum spring, which should, 
by preference, maintain a perfectly 
constant load on the cord. It cannot 
be ^aid that sfrfy devices in common 
use nave solved these problems, and 
a certain small percentage of error is 
always due tp them and gets larger 
and larger as the speed increases. It 
is probable that the best way to over- 
come them is to give up the attempt 
to do so and to move the paper, as in 
continuous indicators and in the 
Mathot indicator, by Clockwork, but 
when it is remembered thdt a com- 
plete cycle is effected in one-tbirtifcth 
of a second in* an engine running at • 
1,800 r.p .m., it will be keen that to 
obtain separate cards about 3 in. 
long the paper would have to have 
a speed of well t pver 90 inches per 




not lose truly cylindrical shape. 
To reduce or obviate this difficulty 
the double helical spring ws# intro- 
duced by Crosby, and the piston was 
given freedom of motion by the 
adoption of a ball-joint. The neces- 
sity for accuracy fh this ball-joint 
was pointed out in the discussion on 
the paper contributed to the Proceed- 


ings by J. G. Stewart in 1913. Whilst 
it is desirable to l^ve the piston as 
free as possible, it should be pointed 
out that the ball-joint will not pre- 
vent the piston from being pressed 
against one wall or other of the 
cylinder. The spring is held rigidly 
at one end, and distortion of it will 
lend to mo\* the other end laterally. 


The ball-joint cannot overcome this 
effect. It could only b* removed *by 
having a ball at each end of the 
spring, a plan which, as far as the 
author is aware, has not been tnedj | 
though, as shown later, a good 
arrangement is used in one well- 
•known indicator. f 
• (To be continued.) # 


WoocJ Refuse Gas Producer 

Plants 

An interesting plant manufactured by The Dowson & Mason Gas 
Plant Co. Ltd , Manchester, for the gasification of waste wood . 


T HE type of gas producer 
plant which is most gener- 
ally used in England for 
comparatively small powers 
is that in which anthracite 
or coke is used as fuel. The suction 
or suction pressure plant is universally 
known, and there is now no question 
as to reliability or the cost at which 
the gas can be generated. This cost 
may be taken as round about 4Jd. 
per 1,000 cu. ft. with anthracite at 
55/- per ton. Numerous attempts 
have been (made to evolve a cheap 
and reliable plant capable of using 
bituminous coal, and it is now possible 
to purchase such a plant at very little 
more than the cost of one designed to 
use anthracite. 

Considerable attention has, how- 
ever, of late been given to gas pro- 
ducer plants in which wood refuse or 
vegetable matter can be used. Many 
such installations are now in success- 
ful operation, and as the fuel cost is 
exceedingly low, and in some cases 
nil, it will readily be understood that 
where such fuel is available, gas suit- 
able for use either in gas engines or 
furnaces can be produced at a lower 
cost than with any other medium. It 
is therefore of great importance to 
manufacturers who have waste wood 
or vegetable matter, such as paddy* 
husks, cotton seeds, olive refuse, etc,, 


available, or who are situated in dis- 
tricts where this fuel can be readily 
obtained, to take note of the plants 
which are available for dealing with 
it, and the cost at which the gas can 
be produced. We illustrate in Fig. 1 
a plant manufactured by The Dow- 
son & Mason Gas Plant Co. Ltd., 
Eevenshulme, Manchester, for the 
gasification of waste wood, etc. 

Naming the parts, A is the genera- 
tor, B the cascade washer, C the tar 
extractor, and D the sawdust or wood 
wool scrubber. The physical qualities 
of wood and similar refuse are very 
different from those of coal or coke, 
and the calorific value is much lower. 
It is essential, therefore, that the 
plant be designed on more generous 
lines, and provision made for the 
physical variations. 

In the first place, it will be noticed 
that there is no vaporiser provided 
with a plant of this description, as it 
is very seldom that steam is required 
for the proper gasification of the fuel. 
The wood refuse in most cases con- 
tains a lot of moisture, sometimes up 
to 50 per cent., which is largely driven 
off in the generatoj^during gasifica- 
tion. It is a lighter and quicker burn- , 
ing fuel than coal, and much more is 
consumed per b.h.p., therefore a cor- 
respondingly greater area must be 
allowed in the generator for gasifica- 


tion. Seven square inches per b.h.p. 
inside the generator lining is an 
average figure for anthracite coal, but 
up to 20 square inches is often 
allowed in a wood refuse generator. 

The bottom of the generator also 
differs from that of a standard open 
hearth plant in that it is encased and 
the grate closed in, doors being pro- 
vided for tlie removal of the ash 
whilst the plant is running. These 
doors are partly open all the time, to 
admit air for combustion, the amount 
of the opening, which depends on the 
fuel, being easily regulated by means 
of a quadrant secured to the doors. 

Enclosing the bottom of the genera- 
tor obviates an$r difficulty which might 
arise from too much draught, and also 
prevents the ash, which is light, from 
being wafted about. 

booking at the top t part <of the 
generator, it will be seen that a large 
fuel container is provided ; this is, as 
a rule, filled up to the top with fuel 
when the plant is working. This con- 
tainer holds the fud ready for gasifica- 
tion, which Automatically descends 
into the generator proper, thus form- 
ing "a gradual and constant feed. With 
tms means of supply the generator can 
be left without charging for longer 
periods, and the ingoing fuel is partly 
dried before actual contact with the 
fire ; and, further, it jends to minimise 
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•any air leaks from the top into the 
generator. 

Another feature of wodd and similar 
refuse plants is that owing to the ex- 
cess of volatile matter in the gas, the 
pipe connections tend to block lip, and 
means are provided to remove any 
obstruction occurflng during working.* 
Scrapers are fixed permanently ir^o 
tie moat* vulnerable pipes, beinf 
drawn back to the*ends of the pipes 
when not in use. R^piovable handles 
are provided, which are attached to 
the scrapers from without, and with 
these the scrapers ^cau be tnov^d to 
and fro, and any dirt, etc., removed. 

Wtge ‘areas and clear passages 
should be provided wherever possible, 
and free use made*)f water for scrub- 
bing and cleaning purposes. An effi- 
cient cleaning plant is vital, particu- 
larly where some types of vertical 
engines are«used in conjunction with 
the pfhnt. Where a coke scrubber is 


employed for coal or coke, a scrubber, 
without filtering material but arranged 
to bring the gas into intimate touch 
with the water supply, is usually pro- 
vided for wood refuse. In the cascade 
washer shown in the illustration, the 
tar is swilled down from one plate to 
another, finally being deposited in the 
sump in which the washer stands. 

The tar extractor must be capable 
of beating out the remaining tar and 
removing the tar fog in the gas ; it is 
practically always of the centrifugal 
type, running about 2,000 r.p.m. A 
large settling tank, of concrete, built 
in the ground, is provided to receive 
the discharge from the tar extractor. 
Weir boards are fitted in the tank to 
give the water a definite flow and 
enable it to deposit the tar and so 
leave the tank fairly free from dirt. 

This type of plant is usually opened 
up for inspection every two weeks, 
and the filtering material in the saw- 


INDIA 

dust scrubber changed every month. 

The sixes of plant manufactured by 
the Djwsou & Mason Gas Plant 
Co. I«td. range from 80 to 800 b.h.p* 
in one unit ; for higher powers these 
units can be conveniently arranged 
side by side and coupled by a common 
main. 

An installation such as we illustrate 
undoubtedly offers an attractive in- 
vestment to any manufacturer who 
Jhas a supply of refuse to dispose of. 

An adaptation of the wood refuse 
plant which is used for the gasification 
of peat and lignite is shown in Fig. 2. 

This particular plant is of 1 10 b.h.p., 
and is at present running on peat con- 
taining 45 per cent, moisture. The 
consumption of dry peat over a week's 
run averages 2.84 lb. per b.h.p. hour. 

In England the average cost of pro- 
ducing gas from anthracite is as 
follows : 
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Working Costs for Anthracite Suction Gas 
Plant when Running on Anthracite 
costing 6&1- per ton; 

Based on Gas Jdant of 260 b.h.p. 

capacity. • * 

Assume continuous running, i.e., 144 hours 
week. 

Coal consumption, .9 lb. per D.h.p. 
Anthracite used in gasification 
• per week (144 x.9x§50) ... 32,400 lb. 

Anthracite used in stand-by (24 


• 32,448 lb. 

# • ----- say 290 cwt. — 14$ tons. 

1 s. d. 

Cost of anthracite (14.5 tons at 

55/- per toil) 

... 39 17 

8 

Cost of att&ulanee # . . 
Water, 54,000 galls, at 

... 6 0 
1/- per 

0 

1,000 ... %. 

. ... 2 14 

0 

Interest 0% 

...» o rb 

0 

Depreciation 5% 

... 0 8 

0 

Repairs, etc., 6% *.. 

. ... S 8 

e 

•• 

£48 17 

6 


~ 11, 710 pence. 

Cubic feet producer gas made per weel^ 

250 x 70 X 144 2.620.0QP. 

Cost per 1,000 cubic feet, ^ 

11,730 

» 4.6d. 

2,520 

If the cost of the waste wood in any 
particular locality is substituted for 
the cost of anthracite, and the con- 
sumption per b.h.p. altered to 3 11\, 
leaving all the other costs as they are, 
the cost of the production of the gas 
from any of the fuels named in this 
article will be obtained. 

The gas produced by these plants 
can be used for all kinds of industrial 
heating operations, as* well as for 
driving gas engines. 


BETWEEN OURSELVES - (Continued from page 580) 


stinting themselves in other directions. 
" Economy ” undoubtedly gives chap- 
ter and verse to prove his contention 
that the third class passenger on the 
Indian railways is hopelessly and in- 
adequately catered for. It would 
almost seem from his figures that as 
the third class passenger increases, 
the supply of third class coaches is 
cut down in direct ratio. And yet in 
a statement he gives showing the 
results of*the 10| years ended the 
31st Marfch, 1920, on the Great Indian 
Peninsula Railway, while a profit of 
no less than 1050.55 lakhs was wrung 
out of the third class passenger, the 
first class passenger traffic not only 
did not give a single pie as profit, but 
involved a lbss of as much as Rs. 84.55 c 
lakhs. Surely somebody should sit up 
and take notipe. c 


The Dowson & Mason Gas Plant 
Co. Ltd. ask us to state that their 
Ageuts in Eastern India are Associated 
British Engineers Ltd., Calcutta. 

AAA 

In our next issue we hope to publish 
a fully illustrated article on the manu- 
facture of tea. This we are doing at 


the request of a number of corres- 
pondents who have asked for detailed 
information upf>n this important sub- 
ject. We may state, that we shall 
continue to deal with Various indus- 
tries in turn, and that we shall be 
pleased to advise our readers on their 
choice of plant and equipment with- 
out change or obligation of any kind. 


□□□□□□□□□□□□□□□□□□ D □□□□□□□□□□□□□□□□□□ 

° CALCIUM - CARBIDE ° 

□ r 6 f 0 

a VICTOR MANUFACTURING COMPANY □ 

O 13 Southampton Street, LONDON, W.C. □ 

o ■ " « 1 o 

q Cod Liver Egg Emulsion , plain , with Iron and with Malt . \ ° 
DDQDQQDQQQQQQOQODQ □ □QQQQDDODOQQQOQD Q Q 
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ORGANISATION 


Conducted by HARTLAND SEYMOUR 



THI8 SECTION DEALS WITH WORKS MANAGEMENT AND ORGANISATION, THE TRAINING AND 
WELFARE OF THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 



The Principles, of Organisation and Management* 


" The ipld order changes" and the man 
who is prepared can meet the New 


•fTT^HE value of organisation was 

■ made •dnspicuous by the 

■ war, wjjich was probably 
> JL but a purging of the old 

arder of things. Probably 
somfc years will be required to com- 
plete the work of reconstruction, but 
it is certain that we are commencing 
a new cycle which will be one of de- 
velopment. 

The power which will enable us to 
carry on during this period is organ- 
isation, without which it would be 
impossible to do more than a fraction 
of what is necessary. 

Everything that we do or say, 
everything that is made or used, is 
the product of the brain, and in the 
final analyst human thought and 
energy is the power behind every- 
thing. The success of an enterprise 
depends entirely upon the men who 
are charged with the care and hand- 
ling of its material resources. Conse 
quently, as the personnel is* developed 
the organisation is strengthened, and 
conversely as the organisation is 
strengthened* human effort is made 
more effective. 

Organisation, therefore, is the 
proper adjustment of the relation- 
ships between humati beings in an 
effort to accomplish certain definite 
en<Js. The cfegree to which this ad- 
justment is correct, logical, and on 
sound lines determines the resultant 


yet with a flexibility which allows for 
the initiative of the individual. 

Good organisation implies clearly 
defined plans and ideals, and efficient 
co-ordination and co-operation of 
capital, labour, and management in 
carrying them out. Efficient manage- 
ment will then look to the develop- 
ment and direction of the great 
sources of power in the personnel of 
the business, so that each member 
contributes his quota to some con- 
structive plan. The resultant should 
be the exact control of the business, 
so that there shall be the maximum 
of efficiency. 

Thus the ideal of an efficient organ- 
isation should be that of developing 
the individual. This in itself is a high 
aim, but in order to make the ideal 
practical of attainment it must find 
expression through a type or organ- 
isation which will recognise and apply 
correct principles, laws, and rules. 

It may be taken as axiomatic that 
the success of an enterprise depends 
very largely upon the way in which 
its resources in time, effort, material, 
and money are organised and man- 
aged. In the past a good organiser 
and manager was looked upon as a 
man who possessed his skill by some 
intuitive faculty. It was regarded 
as a sort of gift, and not as something 
which could be acquired. 

This idea gained currency mainly 


An enterprise no longer takes three 
generations to come to fruition. Re- 
sources in the matter of capital, 
machin&y, publicity, modern meth- 
ods of salesmanship, costs, and ac- 
counting have earned the activities 
of even a business of moderate size 
beyond the point where a single man 
can carry the whole load of responsi- 
bility. A business undertaking is 
really a community of interests. 
Shareholders must be considered, 
whilst consumers* demands must be 
met by greater production. This 
necessitates the employment of a 
large number of workers for the 
factory, the office, the shop, and the 
sales department. With all these 
factors at work there is an urgent 
call for men who can so organise the 
various activities that the task of 
management becomes one of obtain- 
ing co-operative effort towards a 
common objective, namely, that there 
shall be economic production and 
distribution combined with equitable 
remuneration to shareholders, man- 
agement, and workers, with the 
lowest possible price to the consumer. 

With this rapid growth of business 
enterprise there has been little or no 
time to formulate definite principles 
from the accumulated experience of 
those who have built up these organ- 
isations. The executive must rely 
largely upon his own judgment, based 


succeis of the organisation. for two reasons : upon his experience and natural 

Originally the author # regarded (1) Business enterprise during the ability. He has had to learn by trial 
organisation as a cold-blooded ad last fifty years has passed through a and error, which is a ^costly and 
justment of departments, but hi now state of flux. It has evolved rapidly lengthy process, but th$ trnly one 
prefers to substituje the word “ organ- from the one-man business to that of possible under the circumstances. In 
isra ” for the more usual term. It is huge enterprises and company forma- any case, he has not, in the majority 
animate rather than inanimate, and lions, in which the ramifications be- of cases, made known the methods 
a business iS (or should bej a lining, come so complex that it may truly be he employed, possibly because he had 
pulsating organism, which should said that business to-day entails the wrought them in the hard school oi 
function methodically ^without con- • merging of half a dozen professions experience through arduous and 
fusion, delay, or misinterpretation, into one. steady effort, and was not inclined 

* • Being a Paper presented to the Institution of Production Engineer^ by Mr. Wallace Attwood, 

• Member of Council, M.I.P.E., of the Wallace Attwood Efficiency Service.** 
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to give away that ‘wtiich had taken 
him years to acquire. 

(2) Much has been written in vari- 
ous business journals and els<Svhere 
on the way in which certain enter- 
prises carried out their work. In the 
main, however, such descriptions have 
dealt with the effects produced, giving 
many practical details which, in them- 
selves, were valuable. They have, 
howwer, given little or no considera- 
tion to the formulation of definite 
principles, so that these could be 
appreciated and applied by the man 
who # wished to become a capable 
organiser and manager. ♦ 

It frequently happens that the man 
who is carrying out successfully his 
executive duties is not giv#n to gen- 
eralising, since he is compelled to con- 
centrate his energies in building up 
his department or enterprise from the 
personnel and material available and 
the problems which confront him 
from day to day. He deals with the 
realities of the daily situation and 
adjusts his organisation to meet them. 
Gradually he evolves his own methods 
without many opportunities of weigh- 
ing them against the methods adopted 
by other executives. His mind is too 
busily engaged upon bringing his own 
organisation up to a state of efficiency. 
Accordingly it is not surprising that 
this problem of organisation and man- 
agement has scarcely been dealt with 
upon a recognised plan, to formulate 
definite principles and to indicate 
their application in a logical sequence. 

The Main Elements in 
Organisation and Management 

In order that at the outset the line 
of demarcation between organisation 
on the one hand and management on 
the other may be made clear, and to 
indicate that the author has evolved 
what he believes to be a logical plan, 
it is desirable to consider the follow- 
ing analysis, together with a brief de- 
scriptive explanation : 

I. Organisation . — This may be con- 
sidered under a number of stages, thus : 

, Analysis. 

Synthesis and arrangement. 

Functionalisation . 

Routine. 

Determination of personnel. 

II. Management . — This also may be 
treated under the following headings : 

Direction. 

Training. 

Appointing or deputing. 

Control. 

Supervirion. 

i. Organisation consists in determin- 
ing the relationships between, and in 


terms of, money, time, effort, and 
material for accomplishing a given 
task. It is concerned with laying 
down proper plans which shall form 
the basis of some constructive work, 
and can be dealt with independently 
of the actual task which it is the ob- 
ject of the organisation to carry out. 
Much in the same way an architect 
cafti draw up a plan in his own office 
for constructing a building once he 
has obtained the Accessary data re- 
garding the structure in question. 

It is quite possible to possess organ- 
ising ability without managerial abil- 
ity. In fact, in large businesses it is 
common to find a highly skilled execu- 
tive who does the organising. He may 
not be much in the public eye, since 
he leaves the carrying out of his plans 
to other executives who have greater 
managerial ability. 

The four steps which make up 
organisation may now be briefly dis- 
cussed. 

Analysis 

Obviously the first stage consists in 
analysing the problem. Exactly what 
it is required to accomplish must be 
determined. Thus it may be the 
organisation of a particular depart- 
ment, or the problem may consist in 
adapting the existing organisation to 
undertake certain new work. Again, 
it may be desired to deal with some 
department or section which is un- 
satisfactory and to convert it into an 
efficient working unit. Clearly there 
must be some objective, otherwise 
there is nothing to accomplish. What- 
ever the object, then, the first thing 
will be to diagnose the present position 
and to collect all data, experience, 
and so on, which can help in the eluci- 
dation of the problem. In other 
words, an investigation is made as to 
what the problem really is, how much 
has been done so far to carry it out, 
what still remains to be done, and 
what available data there are to 
assist in its solution. 

Synthesis and Arrangement 

With the objective in view, plans 
are drawn up with the aid of the 
available data and experience, so 
that the inter-relationships of the 
various units in the plan obey certain 
definite principles. 

To refer once more to the architect 
in arranging (or organising) such units 
as a fireplace, dooivftfy, and the win- 
dows of a room, he will bear in mind 
the principle that the doorway must 
be wide enough to admit the furniture 
that will be required for a room such 


as he is designing. He will be careful 
to remember that if the doorway faces 
the door of th^ entrance hall*then the 
fireplace must not be placed in line 
with a possible dradght. AgaSn, the 
space left for the windows must have « 
some relationship to the size of the 
room. e 

# When the elementary principles 
uppn which to organise have been, 
agreed upon, it will be found* just as 
simple to apply them as it is for the 
architect to arrange the above details 
in his plans. Further, the plan can 
be tested against the principles before 
it is put into execution, thus rendering 
it reasonably , certain that the plan 
will work^ and e&able the objective to 
be achieved. 

4 

' # 
Functionalisation 

Having arranged the scheme of 
organisation it will be necessary to' 
take its component parts and# de- 
termine the particular functions or 
duties which each section should 
carry out. In doing this, care must 
be exercised to ensure that there is 
no duplication of work, and that 
there are no essential functions which 
cannot be achieved by the plan, in’* 
which case the plan would need to be 
remodelled. 

The architect submits his plan to 
some such scrutiny, and in so doing 
he will determine the functions of each 
room and each feature of the structure. 

He may find that he has' planned two 
rooms for identical purposes, which 
entails waste of space and money. On 
the other hand, he may not have pro- 
vided sufficient bath rooms for the 
type of house that he is constructing. 

In any case he must satisfy himself 
that his plan contains nothing super- 
fluous, but at the same time embodies 
all the requirements of those who wish 
to live in the house. 

Routine 

At this stage it is necessary to lay 
down the exact procedure by which 
each unit, section or department will 
be able to carry out the functions 
allotted to it. In business this is often 
called the> system that the business 
adopts for carrying out its work. 
Arranging the routine of a business 
always occupies a considerable portion 
of the time of af executive. 

Returning to the analogy with the 
work- of the architect, he would be 
able at this point to submit his plans 
to the man for whom he is building, 
and point out the routine which would 
be necessary when occupying a house 
built to those plans. He would show 
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how the front entrance is approached 
from the road, and Jiow from the hall 
there fed off the clo^ikr6om f the re- 
ception loom, dining room, etc. ; also 
,that there was easy access from the 
kitchen to the dining room, whilst at 
the same time the kitchen remained 
in the background with reference ^o» 
other rooms. Anyone can easily p^- 
tdre further detaik for himself. * 

The half-way house has now been 
reached. The organiser has done Hi* 
work, having formulated his plans 
and laid down the lines' on which they 
will be carried out. § At this poinj the 
human element comes into play. 
Capital, plant, equipment, material, 
•organisation, plans, routine, arh of no 
avail u^til they are translated into 
productive element^ by the personnel. 
•Consequently, the pivot between or- 
gjnisation and management is the 
mobilisation ^of those people who are 
to cany out the routine which exe- 
cutes the plan and accomplishes the 
task. 

This step, therefore, is concerned 
with the allocation of the individual 
to that section of the routine which 
it is predetermined he should carry 
•oift. 

Management 

It is one thing to formulate plans ; 
it is quite another to carry them out. 
Management is concerned with the 
last-named function, and it is quite 
possible for an executive to make a 
scheme work, although he may not 
be capable of originating it. 

Strictly speaking, the word manage- 
ment is derived from the Latin manus, 
which means “ the hand." The dic- 
tionary gives the meaning thus : — 

“ To guide by the use of the hand ; 
to have under tommand or control : 
to bring round to one's plans : to con- 
duct with great carefulness : to wield : 
to handle : to tontrive : to train by 
•exercise : to conduct affairs." 

From this it ^till be gathered that 
management is responsible for trans- 
lating into action that which has been 
organise^, and the manager of to-day 
has to concentrate upon handling 
men, money, materials and pi^cesses 
with his mind rather than with his 
hands. But, in the final analysis, the 
art of good management will resolve 
itself largely into the arj of handling 
men. # •, 

The five divisions under manage- 
ment may now ^e briefly considered. 

• 

Direction 

Tim successful manager must be 
able to direct th& efforts of others. 


His knowledge of human nature, and 
the special aptitudes of those whom 
he engages to help him, as well as a 
dear insight into the plans and routine 
of the organisation, will enable him 
to assign the right tasks to the most 
suitable men. This is the first step in 
management. 

* » 

Training 

Having allotted tfie duties he must 
see to it that each individual has 
every opportunity of perfecting him- 
self on the work with which he is con- 
cerned.* He must, therefore, plan to 
train the men in their jobs, and it 
will be found that in the majority of 
businesses the management is seri- 
ously at fault in this work of training. 
The individual is left to fend for him- 
self, which means that he very soon 
falls into a rut, and remains there. 

Appointment and Deputing 

At first the manager carries a heavy 
share of the load, but as he directs 
and trains the personnel he should 
experience relief in many directions. 
His staff should grow, and with 
growth they will be able to assume 
more and more responsibility. The 
manager, therefore, seizes every oppor- 
tunity of deputing his work to his 
lieutenants ; the lieutenants assign 
duties to the warrant officers, and so 
on down the line, until even the rank 
and file are given opportunities of 
carrying a little extra load. 

Control 

As the manager is relieved of more 
and more of his routine work he is left 
with greater time in which to control 
the staff, and the work that has been 
deputed to them. The nearer the 
manager can approach to the point 
where he controls, directs, and trains, 
instead of becoming involved in de- 
tails, the nearer will he get to the ideal 
manager. 

Since the manager must ultimately 
take sole responsibility for the execu- 
tion of the plans which he has drawn 
up, or which have been prepared for 
him, he must keep effective control, 
otherwise the management passes 
from his hands, wholly or in part, to 
others. 

Supervision 

There must be a constant overhaul- 
ing of the work carried out by the 
personnel. It is only human for errors 
to creep in, and duties are apt to be 
performed in a slip-shod manner. 
Certain workers may also introduce 


modifications of the routine, which, 
whilst good in themselves, may have 
serious consequences when considered 
in relation to other duties. Further, as 
time goes on, defects in the original 
plah may become, apparent, rendering 
adjustments necessary. 

For these and other reasons the 
manager must maintain or arrange 
for effective supervision from day* to 
day over all the activities of the staff. 

The above brief explanation should 
$ve a clear conception of the work 
,that lies before one who desires to 
become* an efficient organiser aAd 
manager. 

(To be continued.) 


A FACTORY DRIVING ENGINE 

In startlhg a new industry overseas, 
one of the first problems is to find a 
convenient source of power. Trans- 
port difficulties often stand in the way 
of obtaining a heavy steam or oil 
engine, generally adopted for power 
purposes. To meet this difficulty, a 
British firm has developed a self- 
contained factory engine of 28 h.p. 
running at a speed of about 900 r.p.m. 
This equipment is specially arranged 
for convenient transport to places 
remote from the sea, river, or railway. 
The engine is designed to run on 
ordinary paraffin, and its parts are 
made completely interchangeable, so 
that repairs and replacements can be 
very readily carried out. The whole 
machine is mounted on a solid steel 
frame which forms a bed-plate, re- 
ducing vibration to the absolute 
minimum, This engine can be run at 
full load for long periods without re- 
quiring any make-up water. 


HUGE STEAM SHOVELS 

The machinery recently sent out by 
a British firm for use on a big harbour 
construction job in Africa includes 
three of the largest steam shovels ever 
built in Great Britain. Each machine 
takes out 3$ cubic yards of material* 
in every movement, yet it is so con- 
structed that it remains perfectly 
firm on a 3 ft. 6 in. gauge railway. 
Each shovel is provided w^hf three 
operating engines and main hoisting 
engine (which is also used for •travel- 
ling), a swinging cradle, and thrust 
engine. A steam-driven air com- 
pressor is also fitted to the shovel for 
driving drills which bore into the rock 
for blasting purposes. There is also 
a*i ample lighting equipment which* 
enables the machine to be worked 
after dark. • ♦ 
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The Efficiency Engineer and the Industrial PsycholQgist* * 

• By CHARLES S. MYERS , # 

• 

Half the troubles in the industrial world to-day atcdue to 
misunderstandings. Inis article shows how the piop&ers of < 

• a new movement spoil their efforts by a false point of view. 

• * 

• ' # 

T O-DAY I propose to address adequately trained psychologist re- the workers as to how each breakage 

the efficiency engineer from# torts — " there # isno ‘ One Best Way/ " occurred ; in those in a coal mine it 
the standpoint of *the in- The psychological and physiological has c been able to train miners to 
dustrial psychologist, point- # differences between individual workers swing the pjck according to the beat 
ing out the limitations of his are such that it is useless to train and of a metrorfome. Such procedures 
work unless it be carried out with to expect all to perform the same would W impossible in an atmosphere 
• continual and due regard for its operations in precisely the same way. of suspicion and unfriendliness, 
psychological complications. Of course Such an aim is harmful in practice, The efficiency 'engineer commonly 
the psychology of the worker under because it discourages all initiative ; proceeds by analysing a given opera- 
different social conditiorft and in and it is impossible to achieve, be- tion into a number of different parts, 
different countries differs widely, and cause no two individuals can be observing and tabulating the move- 
my apprehensions as to the conse- trained to precisely the same features ments of that operative who performs 
quences of the attitude assumed by of rhythm and movement. Each one of those parts in the quickest 
certain efficiency engineers will not brings with him a certain style best time, the movement of another opera - 
necessarily apply to countries other suited to his mental and physical tive who performs another part in the 
than that from which my experience constitution. No two champion golf- quickest time, and so on ; finally col- 
of the worker's psychology is derived, ers would provide Oilbreth with iden- lecting into one series the quickest 
Still, in no circumstances whatever, tical “ chronocyclegraphs " ; what and best movements, (d) which is tfyen 
would it appear justifiable to tell a Taylor calls “ rigid rules for each stereotyped and forced on every 
workman to-day what Taylor, ad- motion of every man " (b) do not exist, worker as “the One Best Way." 
mittedly in " rather rough talk," said To force all into a common mould is Psychology and physiology, however, 
to the " little Pennsylvania Dutch- not only to act contrary to the die- teach that an organism is more than 
man " Schmidt, whom he was in- tates of Psychology and Physiology, a sum of parts thrown together hap- 
structing in the best methods of but also to encourage the worker’s hazard. The individual has charac- 
handling pig-iron, — “ You know just only too natural belief that the man- teristics which are n^t to be found 
as well as I do that a high-priced man agement seeks for its own benefit to in his isolated parts, and his best 
has to do exactly as he's told from deprive him of the craft knowledge, mode of movement is not necessarily 
morning till night." (a) That is, of that sole possession which he and his to be derived from a combination of 
course, precisely what the worker forebears have acquired for general more elementary movements selected 
fears will result from the application tions past. Thus the industrial psy- from different operatives on a basis 
of motion study. If experts, ap- chologist is diametrically opposed to of speed. Nor, indeed, without ade- 
pointed solely by the employers, are Taylor’s ideal of Scientific Manage- quate evidence is it justifiable to con- 
to £0 round the factory, observing, ment that under present usual con- elude that the speediest or the shortest 
codifying and standardising the most ditions 11 the managers assume . . . movement is necessarily the least 
efficient methods of carrying out the burden of gathering together all fatiguing. Farmer's investigations in 
different operations, the worker will the traditional knowledge which in this country have afforded some con- 
be robbed, so he suspects, of his craft the past has been possessed by the elusive illustrations of an opposite 
skill and will come to be treated, so workmen." (c) Whatever information relation : a longer continuous sweep- 
he imagines, as a piece of machinery of this kind is obtainable can only be ing movement may prove far •less 
which without option has to carry satisfactorily collected with the full tiring than a series oi shorter a«gular 
out* prescribed operations at a pre- understanding, consent and co-opera- ones, and a slower rhythmical rate 
scribed speed by prescribed move- tion of the workers ; in this connection may of course be more effective in the 
ments. Taylor's statement that " there are end than a faster one?* 

Throughout a paper presented by many cases " where secret timing is It s&ould be one of the functions of 
Dr. and Mrs. Gilbreth to the Barce- unavoidable ("Shop Management," the Trade Unions to inquire into good 
Iona meeting of the International page 1426, footnote) is in flagrant and bad methods of work and of 
Conference on Vocational Guidance, violation of the principles of industrial training and into the wide individual 
their guiding principle is the “ de- psychology. mental differences which demand 

termination of the One Best Way to The experience of the National differed methods of work and of 
Do Work." It is necessary, they in- Institute of Industrial Psychology gaining, and to insist that their 
sist, " for the Psychologist to under- has been that tMTworkers’ confidence members obtain adequate and suit- 
stand that the Quest of the One Best and collaboration can be obtained* able training in their occupation. 
Way is {he crux of the present in- In its investigations on breakages it " w No worse mistake," said Taylor, 

° dustrial problem. . . * To this the has been able to obtain reports from the acknowledged father of modem 

♦Abstract of a pape* read before Section J (Psychology) at the Hull Meeting of the British Association* September, 1&22. 

1 ♦ : ■ ' -t ' " 
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efficiency engineering, “ can be made 
than that o I allowing an establish- 
ment to be looked upon* as a training 
school, «to be us£d mainly for the 
education of many of its employees. * ' (e) 
The industfial psychologist insists 
that an establishment depends for 
its very life ana efficiency on tjie> 
extent to which it is utilised as* a 
training School dhd as a means of 
properly educating those who work 
there. Can anyone suppose that fht* 
best mode of getting the best work 
out of an employee is by bidding him, 
in Taylors words, « bear in filing that 
each shop exists, first, last and all 
time* for*the purpose Si paying divi- 
dends to its owners " ? (/) * 

By iftiture and thfough his training 
the efficiency engineer is prone to 
regard human workers as machines. 
Rather than understand them, he 
wottlt^ moulfi them to a common type. 
Instead of trying to appreciate the 
various emotional influences and in- 
centives which affect the worker's 
efficiency, the efficiency engineer is 
led by his mechanistic interests rather 
to determine and to set the tasks 
which may be expected of an efficient 
worker, and to devise some elaborate 
scheme of payment which, in his fond 
imagination that prescribed tasks and 
bonuses are the main incentives to 
production, will induce the worker to 
give his best. ( g) 

From the ^ame standpoint, the 
Engineering Correspondent of. the 
Trade and Engineering Supplement of 
the Times (August, 1920) insists that 
the sole function of t^e industrial 
psychologist is to give a “'plain and 
uncoloured statement of the facts 
they are asked to measure " and not 
to concern themselves “ with either 
the ethical or % the economic aspects 
of the operations on which they are 
asked to advise." This seems to 
imply that tlie psychologist is de- 
barred from inquiry into the existence 
and prigin of factory worries and dis- 
content, and that he can always satis- 
factorily “ measure the facts " with- 
out investigating other often widely 
remote but complicating conditions 
of a psychological character. In 
actual practice, the industrial psychol- 
ogist may find it essential to extend 
the initial scope ofliis inquiry in this 
way. And provided tHat he has the 
confidence of*he employer a’rtd of Jhe 
employed, he should be at liberty* to 
do so. * a 

From his mechanistic standpoint 
the .efficiency engineer expects man 
to behave like a machine, turning out 
(ideally) a constant hourly output 


throughout the working day. The 
industrial psychologist recognises and 
investigates the various factors that 
inevitably enter into, and influence 
the form of the work curve, and the 
different play of these various factors, 
at different times of the day, with 
different kinds of work, and with 
different types of work*. Life-long 
workers cannot be compared with the 
crew of a racing tiight, or with a 
regiment on parade, trained to rela- 
tively brief periods of identical or 
uniform rhythm of action. Nor are ( 
the laboratory investigations which 
have been carried out by the “ pure " 
experimenter with ergographic and* 
mental tests in which the maximum 
of effort is throughout induced, direct- 
ly applicable to the conditions of 
work-a-day life, (h) The worker is 
neither a machine working on purely 
mechanical principles, nor an organ- 
ism stimulated to produce its very 
utmost. The industrial psychologist, 
especially through the observations 
of Vernon and others in this country 
and Lee and his colleagues in the 
United States, has ample evidence 
now of the way in which the worker 
unwittingly adapts his hourly output 
to the total length and severity of his 
day's work, his work curve depending 
for its form and height on the length 
of each work period and on the nature 
of the work in which he is engaged. 

Let us turn now to the attitude of 
the efficiency engineer to tests for 
vocational selection. The psycholo- 
gist, the Gilbreths believe, “ must not 
only make the tests for himself, but 
must also see that such tests can be 
used by managers who ^re not psy- 
chologists." I am not sure what re- 
liance the engineer would place on 
the results of a test, say, of brake 
horse power, applied to an engine by 
one untrained in engineering ; but I 
am confident that the use of any kind 
of mental (or bodily) test by one un- 
trained in psychology (or physiology) 
has an extremely limited value. A 
test of mental (or bodily) aptitude is 
not an instrument comparable, say, 
to a voltmeter, which only needs to be 
mechanically brought into contact 
with a metallic substance to provide 
an accurate measurement of electro- 
motive force. The numerical data 
afforded by vocational tests can only 
assist, they can never solely or 
mechanically determine our apprecia- 
tion of an individual's special apti- 
tudes. One must be ready to take 
into consideration not only what a 
person does at a test under given 
conditions, but also how he carries 
out that test, and not only the extent 


and manner of his jperfoimance in 
that particular test, but also his 
entire personality. Vocational tests 
are to be regarded as the servant, not 
as the master, of the industrial psy- 
chologist. They # promise to be of the 
greatest value to # him, but they always 
require interpretation in the light both 
of observation of the individual tested 
and of the industrial, psychological 
and physiological knowledge and ex- 
j)erience of the observer. 

(а) "Che Principles of Scientific Manage- 
ment.’ ‘ New York and London : Harper fit 
Bros. 1916. Page 45. 

(б) Ibid , Pi^e 85. 

(r) Op. cit., Page 30. 

(d) Ibid, Pages 118. 119. 

Management.'' London : Hill 
Publishing Co. 1011. Page 1419. 

(/) Ibid, Page 1410. 

(g) "Each man,” says Taylor, “should 
daily have a clearly defined task laid out 
before him. This task . . . should not be 
easy to accomplish. . . . When he fails he 
should be sure that sooner or later he will 
be the loser by it. . . . It is useless to 
assign a task unless at the same time ade- 
quate measures are taken to enforce ita 
accomplishment.’ ’ Ibid, pp. 1368 and 1372. 
Let every reader reflect on the mental effects 
of such a principle on himself. 

(h) I am in full agreement with the Gil- 
breths that laboratory research work is in- 
adequate, especially when carried out by 
those ignorant of factory conditions, and 
that it requires supplementing with in- 
vestigations carried out under industrial 
conditions. 


AUTOMATIC BRUSH MAKING 

The original forms of brushes were 
of course made entirely by hand, and 
until recently all brushes had to be 
produced by a combination of ma- 
chine and manual labour. A British 
firm of engineers, however, hefe de- 
veloped a most ingenious machine 
which is wholly automatic in its 
action. This machine drills blind 
holes in the back of the brush, selects 
tufts of bristles from $ ’bundle, 
doubles each tuft and fastens it with 
wire clips at the bend, and <tben in- 
serts each tuft in a hole. The wire 
clip is so designed that when the tuft 
is iaserted, the clip opens out, and its 
two ends penetrate into the wood and 
thus prevent the bristles from being 
^withdrawn) This remarkable machine 
is made in three pizes for dealing with 
brushes of different dimensions. 
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Factory Management Wastes- 


By J. F. WHITEFORD, M.A.S.M.E. 


't 

Lecture before the Birmingham Branch of 
the Institute of Industrial Administration, 


• « 


T HE curse of the civilised , 
world to-day is not- Bol- 
shevism, nor Capitalism : it 
is not labour unions, and it 
is not employes' federa- 
tions. The curse of mankind to-day 
is waste — preventable waste. 

Industrial wastes exist to-day be- 
cause individuals refuse to accept the 
responsibilities attending their indi- 
vidual acts. If the waste in industry 
is eliminated, the world, the com- 
munity and the individual will benefit. 
So in discussing the question we have 
first to allocate the responsibility. 

Now in speaking of waste I do not 
mean waste of material, because that 
form of waste is visible. You can see 
it. You have only to go to the scrap 
heap and see that material has been 
wasted. When I speak of waste, I 
refer to misapplied and misdirected 
energy. That is something which you 
cannot see, and that is the reason why 
there is so much of it. Wasted ma- 
terial requires no imagination to ap- 
preciate, but it is entirely different 
with misdirected energy. 

Classes of Industrial Waste 

Industrial wastes existing to-day 
can be divided into four classes : 

11 Faulty Management," “ Intentional 
Restriction of Output," the waste re- 
sulting from “ Disabilities," and the 
waste which comes from " Idleness." 

Of the total waste in industry to- 
day there is fully 66 per cent, for 
whiefi the management is entirely 
responsible. labour is probably re- 
sponsible for 26 per cent., and the 
remaining 10 per cent, you can at- 
tribute to the wasteful methods of 
the community at large. 

It is a serious matter when the 
management of industry is responsible 
for 66 per cent, of the preventable 
waste, which can be eliminated with- 
out reference to the labour factor. 

These wastes, in the order of their 
importance, are 

(11 Imperfect design. 

(2) Inadequate production control. 


(3) Ineffective co-ordination of the 
sales and production sections. 

(4) Inaccurate costs and statistics. 

(5) Improper working conditions ; 
and 

(6) Incompetent personnel. 

Imperfect Design of Product 

Now to sketch briefly these six 
classes beginning with the question 
of design. The designers of a product 
concern themselves largely, if not 
entirely, with the operation of that 
product. They do not concern them- 
selves with the production of that 
product. The net result is that the 
producing side of the business has to 
make up for all the shortcomings of 
the designer. 

Take, for example, a machine 
which has not been properly designed 
and has too many parts. Only re- 
cently I heard of a machine where 
600 working parts had been elimin- 
ated. The machinery, the organisa- 
tion, the equipment, and everything 
connected with the production of 
those 600 parts were unnecessary. 
Every unnecessary part only serves 
to increase the volume of waste. 

Probably the best known example 
is in the motor industry. Some years 
ago I discussed this question with a 
leading motor ear manufacturer. He 
was producing 26 different designs of 
cars, and I suggested that the number 
was too many. He said : “I must 
serve my customers. They want 
different types of cars, and I must 
meet their wishes or go out of busi- 
ness." I said : “ I do not agree with 
you, although at present you make 
a car largely to the specifications of 
your customers. But do they know 
the correct length of wheel base, the 
correct diameter of the cylinders and 
the length of stroke which suit the 
best type of car, and are they in a 
better position to^specify the various 
details of a car than a motor car 
manufacturer ? As the result of your 
experience, are you not in a better 
position to tell them what they 
want ? M 


He did not agree with me, but in 
the meantime a genius developed in 
the motor c^r industry who forced 
the issue. Thfi man had th^ tenacity 
and the common sense to stick to a 
few fundamental principles in the 
manufacture of iifotor cars. The net 
result is that he if> manufacturing 66 
per cent, of all the motor cars tha* 
are made in the world. 

c 

This man was not prepared to 
make as many types of cars as there 
were customers who wanted some 
modification. He adjusted the design 
to suit methods of manufacture, and 
to-day he is practically dominating 
the motor car industry of the world. 
And there is no good reason why the 
Ford plant could not have been in 
Birmingham instead of Detroit. 

Now to take an illustration apart 
from motor cars. I know of one 
factory which manufactured con- 
tainers for its products. There was 
a great waste of material. Seeing the 
material waste the management could 
realise there was waste to be elimin- 
ated, but tjiey did not realise that 
they were making in all 1,400 different 
sizes of containers when 300 were 
sufficient. 

When this form of ^yaste was real- 
ised and eliminated they increased 
the capacity of the factory about 60 
per cent. Being machine production 
they could gehvery much longer runs, 
fewer machine changes, and the net 
gain, of course, was tremendous^ In 
those cases we can attribute all of the 
waste to design. | 

Inadequate Production 
Control 

Next the question of production 
control. Wh^n I remarked to a man- 
aging director that he did not have 
his factory under control, he said : 
41 Everybody does what I tell them to 
do. I can get anything done I want 
to in the factory ; I know what is 
going on. What do you mean by 
telling me my factory is not under 
control ? " I asked : “ How long 
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does it take ? What is the mini mum 
of* time from # the r ajv material coming 
into the factory to whetf it comes out 

the finished product, and what is 
the actual time ? ” He did not know, 
but within a few months he had in- 
creased the output by planning ahead, 
by arranging the fcork of the different 
departments so that all the work was 
<$)-related« He had increased the out- 
put by 65 or 70 pej cent. 

The product of th® factory concerns 
all departments, and # it is necessary 
to keep the work in balance. How 
do you suppose the railways would 
carry on if they were wonted similarly 
to rilost t)f our factories ? Suppose 
you go down to New Street Station. 
You want to take * train for London. 
At present you get*in the train and 
are taken to Londcyi in two hours. 

• Now supposing they operated the 
railw^s as they do so many of our 
businesses. You would go down to 
New Street. You would want to 
know when the next train would leave 
for London. No one could tell you. 
You hunt up the stationmaster and 
ask him, and he tells you, 44 Put your 
name on the blackboard and when we 
have enough people to make up a 
train we will run one." So you put 
your name on the blackboard, some 
others do the same, and you figure 
out how long before there will be 
enough down to get a train full. 
Then you fini after a long while 
perhaps that they have got enough 
for a train. They bring up the train 
and it is loaded up ready to start. 

Then you find that there is no 
locomotive. They go to look for a 
locomotive, and when they have got 
it they find that someone in the pur- 
chasing department has bought the 
wrong kind of coal, because they 
could get it cheap. Then they have 
to take the engine back to the shop 
and put in new furnace bars. You 
would then perhaps get started, but 
you jvould sooh stop because some- 
body had forgotten to put water in 
the troughs, and you would wait until 
the pump got going. 

Then you would find yoif would 
have to change at Rugby, and by the 
time you arrived there the train* for 
London had gone • on because the 
mayor or some other personage was 
in a hurry and, he had to have*preced- 
ence. And so on. You would haVe 
to wait hours tcsget another train. 

I could multiply these illustrations. 
I could apply to the operations of the 
railway those of the average factory. 
You would get to* London finally, of 


course, but you would not get there 
in two hours. Ypu would not get to 
London in ten times two hours as at 
present. 

The railway has a plan. If you 
want to take a journey $ou get an 
A.B.C. or a Bradshaw. You know 
exactly when you are jgoing, when 
you will arrive at your prospective 
destination. It is so dependable that 
you make appointments accordingly. 

There is no reason why factories 
should not be run on the same plan. 
It is incumbent on the management 4 
to keef> control. Management must 
be always looking ahead, and it means* 
from 35 to 150 per cent, increase in 
the output of the factory. 

Ineffective Co-ordination of 
Sales and Production 

Now the question of co-ordinating 
the sales and the production. One of 
the biggest troubles of to-day is that 
the sales department control the fac- 
tory. I could tell of instances where 
the salesmen actually run the fac- 
tory. They go to the factory and tell 
the foreman what to do. They tell 
him that they are in a hurry for this 
or that particular order, and compel 
him to drop this and to change 
about. 

The great trouble is that the selling 
and the productive side of the business 
are not running together. The head 
salesman of a factory came to me one 
day and said : " The factory has got 
into an awful state. We promised our 
customers a supply of our new lines, 
but to-day there is not a single one 
of them in stock, and there does not 
seem a chance of getting them into 
stock/' I remarked : 14 You cannot 
get what they require in the old lines. 
Then how do you expect you can ge 
the twenty-five new lines which you 
have put on in addition, and which 
must mean so much loss in output ? " 

I said to him a few days later : “ If 
you make certain changes in the de- 
sign, you can figure on a 30 per cent, 
increase in output, for then the factory 
can work to better advantage/’ 

The suggested changes were made 
and the output of the two articles was 
29f tons instead of 17 tons, and the 
customers were just as well satisfied ; 
in ^act they were better satisfied, be- 
cause they got the quantities they 
ordered promptly. And it only 
meant a very slight alteration which 
should not have been necessary, be- 
cause in making the design they never 
considered the machinery of pro- 
duction. 


Inaccurate Coats and 
Statistics 

Then the question of costs and 
statistics. The chairman of a com- 
pany complained of the works man- 
ager, in fact blaftied him because the 
company was losing money. And 
this in spite of the fact that the 
works manager had secured a sub- 
stantial increase in the output of the 
factory. 

“ That is a common fault of the 
, chairmen of companies. If anything 
is wrong they think ouly of changing 
the works management. Of course, 
if they change the management far 
enough up I% it would often serve as a 
corrective measure. 

In this instance it was found, when 
the systeiji of costing was investigated, 
that the bulk of the sales was on a line 
which was sold at less than the cost 
of manufacture. The sales of this 
particular article were increasing, and 
for every lot sold the firm was losing 
money. They were offering au in- 
ducement to the works manager to 
get more and more production, and 
if it was increased up to a certain 
point the length of time the business 
could remain solvent was purely a 
problem of arithmetic. 

The works management was being 
censured when the fault was higher 
up. As a matter of fact, there are 
less than five per cent, of the manu- 
facturers who know what their pro- 
ducts are costing them. 

In another firm the managing 
director had it figured out that the 
cost of one of his products was a 
minus quantity. They had put in 
labour, material and establishment 
charges, and yet, according to the 
cost figures, the firm could give the 
article away and make 4d. a pound 
profit on it. 

The fault with this director was 
that his costing was wrong in princi- 
ple. When it comes to a question of 
costs there are so many people who 
think that they can ignore principles 
with safety if the calculations are 
carried out to enough decimal places. 

Now the question of statistics. How 
many manufacturers know exactly 
what is going on in their businesses ? 
If you want statistics you have got to 
know what is to be done, when is it 
to be done, and how is it to be done. 
Then you have to know what was 
done, when it was done, and how it 
was done . } My experience is that> 
there are very fe,w manufacturers who 
are in a position to answer those three 
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questions definitely, but it is the only 
way you can find out whether waste 
exists or not. • 

If you do not know what can be 
done, if you do not know the exact 
length of time, if ypu do not know 
how it is going to be done, and when 
it is going to be done, you are not 
in a position to know just how much 
waste exists. 

Improper Working • 
Conditions 

ftow as to improper workii% con- 
ditions. Air and light, two of the 
cheapest things in the world, are not 
used sufficiently in factories, although 
they have a very important effect on 
the volume of work turned out. You 
can probably get anywhere from ten 
to twenty per cent, increased output 
by improving the lighting conditions 
at a cost not exceeding one-half of 
one per cent, of the expenses. 

They used to build factories with- 
out any consideration of what was 
going to be done in them. Take an 
old factory, then a newer factory, and 
see the difference in the wall area 
that is in windows. The old factories 
used to be built with thirty to thirty- 
five per cent, of glass. It should not 
be any less than 80 per cent. 

Then there is the question of heating 
and ventilation. If people are going 
to work well they have to be comfort- 
able ; you must see that they can get 
about ; they have to have things 
arranged in a convenient manner. 

Very few factories are built that 
provide any means of getting material 
in or out of the work rooms. It may 
seem strange, in view of the fact that 
manufacture consists of changing the 
form or the shape of some material or 
other. But at the same time they 
tiever study how to get it in or how 
to get it out. 

I can tell you a case of a foundry, 
to show how important the question 
of handling material is. They handled 
168 tons of material for one ton of 
castings. Although that quantity had 
to be handled in order to get one ton 
of castings, there was no provision 
made for .moving it except by hand. 

I cai\ tell you another case where 
five years ago there were 550 men 
engaged in handling the material in 
and about a factory, and to-day the 
whole of that work is done with 55 
men and 25 machines. 

r. Now th£se are record* of waste { 
This entire discussion is a question 
of Waste, and the costs are being 


added to the cost of the product. All 
these are wastes for # which the man- 
agement is entirely responsible. It is 
no use blaming the labour unions or 
the men for other wastes so long as 
these wastes exist. 

Incompetent Personnel 

# The last item — “ Incompetent per- 
sonnel." In how many organisations 
is full consideration given to the 
selection of people ? Investigation 
shows that tly*re are about 75 per 
cent, of people in the factory on the 
wrong jobs, and you can gA any- 
twhere from 40 to 50 per cent, increase 
in output if you put them on the jobs 
for which they are Titled. The re- 
sponsibility is with the management 
when we come to examine it. 

The responsibilities of the manage- 
ment are very extensive. The man- 
agement select and assign work. What 
are the requirements for that par- 
ticular job ? How many manage- 
ments know them ? They are be- 
ginning to consider this question of 
selection now because of the tre- 
mendous wastes involved by refusing 
to pay attention to it formerly. 

This involves not only the require- 
ments for the job, but it involves the 
study of the methods of doing the 
work, and when we get down to the 
study of the methods of doing the 
work we find it is necessary to edu- 
cate and to train the people to do 
the work along these lines. 

The study may disclose that a lot 
of managers and executives are on 
the wrong jobs, so that you have to 
start in at the top and not at the 
bottom. 

The study of the elimination of 
wastes has extensive ramifications. 
In the management of an industrial 
concern the advantages resulting from 
organisation are probably about 35 
per cent. The advantages resulting 
from technical knowledge may be 
valued at 20 per cent. ; the great gain 
is in utilisation of knowledge, which 
is the other 45 per cent. We used to 
be told that knowledge was power. 
Knowledge is not power. It is the 
use of knowledge that really matters. 

You can have all the records. You 
can know exactly— you can have the 
percentage of waste carried out ‘to 
several decimal places, and all listed 
and tabulated, buf^these records will 
not in themselves eliminate waste. * 

Technical knowledge does not in 
itself eliminate waste, and organis- 
ation in itself does not eliminate 


waste. As a matter of fact, over- 
organisation is mqre of a. hindrance 
than under • organisation, fot the # 
art of management is not # equally 
developed with that of the science of 
management. # 

• , The Art of Management 

# <The science of management ha£ 
been developed unfil we kliow what 
ar^ the causes of waste and the rela- 
tive values, but these wastes cannot 
be eliminated until the art of manage- 
ment has been developed. Now that 
is the proolem of ttianagement. The 
art of management is the thing that 
is in nepd of attention, and* it i£ the 
art of managing people. 

If you have thq records, the lui cess 
of the manager is m his ability to get 
the organisation tG work, to get these 
wastes eliminated. There is no best 
plan. You do not “ manage " ma- 
terial. You do not “ manage " the 
buildings and the equipment. You 
do not “ manage " anything that is 
incapable of self-determined action. 

You “ manage " people only. 4 

The cure, the means for eliminating 
waste, is in the better education, the 
better training of the people con- 
cerned in order that they may make 
full utilisation of their time, of their 
energy. The best plan, like the best 
manager, is the one that works most 
effectively. 


STAINLESS STEEL 
NOVELTIES 

Sheffield was the ofiginal home of 
the wonderful material known as 
stainless steel, which has the property 
of remaining untarnished by damp or 
acids. In the same city continuous 
progress is being malic in the manu- 
facture of this material for vaYious 
new purposes. The latest triumph is 
the casting of stainless .steel — or, per- 
haps, what is more accurately known 
as stainless iron — in many complicated 
shapes. Another development is the 
production of stainless steel candel- 
abra and similar f decorative articles. 
The castings tare particularly useful 
foi; bearings which are in contact with 
superheated steam, as they remain 
perfectly unaffected under these trying 
coitions. # Tubes and malleable 
sheets are also made of stainless steel, 
and fine examples have been turned 
out of stainless steel wire ropes. 
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SCIENCE 

Conducted by A. H. HAVER, M.l.N.A. & K. S. DICKINSON, F.C.S. 


THIS SECTION DEALS WITH THE APPLICATION OF SCIENCE TO INDUSTRY AND PARTICULARLY 
,! » • « DEALS WITH APPLIED CHEMISTRY i; « B 

— . - 

Combustion and the Production of Fire 

• How Promethean legends have been explained by the 
simple action of striking a match , and yet none of the 
wonders of producing a fire have been diminished , 


O NE of the most typical, 
most familiar, and most 
important cases of chemi- 
cal action is that which is 
observed in the process of 
^combustion or the burning of sub- 
stances in air. The manner in which 
thl first visible combustion, or fire, 
was brought about on the earth, 
whether by some lightning flash, or 
by the sparks struck from the flints 
of primitive man ; by the rubbing 
together of dried wood, or by the 
self-heating of combustible material, 
will doubtless # always remain un- 
known. But in whatever way fire 
was first produced, its importance 
and value were early recognised, as 
we can understand from tjie sanctity 
with which all primitive peoples have 
endowed the hearth ; from the Pro- 
methean legend of a boon stolen 
from, not granted by, the gods ; as 
well as from tne later belief of the 
followers of Zoroaster, that fire is the 
special abode of divinity. 

And even in modern tiyies, although 
the Reeling of ^reverence or of awe is 
no logger inspired by a process which 
can be explained in terms of chemical 
action, and can be produced at will 
by the Striking of a match, we are 
not likely to underrate the importance 
of combustion when we remember 
that our present-day civilisation, # in 
all its manifold forms of expression, 
in manufactures, ft railway and 
steamship transport, in* artificial il- 
lumination, etc.', is based on a* process 
of combustion. 3 

What, then, is the explanation of 
this process of combustion ? Not ^o 
very long ago, the view was held that 
the property of combustibility was 
ue to the presence jn the combustible 


substance of a fiery principle, phlogis- 
ton ; and that when a substance 
burns, the phlogiston escai>es, leaving 
behind the ash or calx, as it is called 
in the case of a metal. Charcoal, 
which burns leaving practically no 
ash, was therefore regarded as being 
almost pure phlogiston. This was 
the explanation of combustion given, 
more especially by Stahl, towards the 
end of the seventeenth century ; and 
it was not till a hundred years later 
that the “ phlogiston theory ” was 
finally overthrown by the French 
chemist Eavoisier, who died in 171)4, 
a victim of the guillotine, in the 
troublous times of the French Revolu- 
tion. 

The long life of such an erroneous 
theory as that due to v Stahl may be 
attributed to the fact that chemistry 
was, at that time, still largely a 
qualitative or descriptive science, and 
it was considered that form rather 
than weight was the characteristic 
property of substances. The balance, 
of course, was known and used, but 
its importance was not fully ap- 
preciated ; so that when it was found 
that the products of a combustion 
weigh more than the original com- 
bustible substance, the upholders of 
the phlogiston theory sought to de- 
fend their position by identifying 
phlogiston with the principle of levity. 
The escape of the principle of levity 
from the body, left the body heavier. 

Much as we may be inclined to 
smile at such an explanation, we must 
remember that the phlogiston theory 
served usefully its day and generation, 
and satisfied even the modern require- 
ments of a theory, in that it gave an 
explanation of combustion which satis- 
fied men's minds at the time, and also 


inspired a large amount of fruitful 
investigation. Who can say that 
even some of our most cherished 
theories may not be considered by 
the unthinking, a hundred years 
hence, to be equally worthy of de- 
rision ? The phlogiston theory, how- 
ever, long outlived its usefulness, and 
the tenacity with which it maintained 
itself is an instructive illustration of 
the difficulty which most minds have 
of freeing themselves from the author- 
ity of a long-held theory ; and it con- 
veys a lesson, which is not unnecessary 
even at the present day, that a theory 
from being a helpful guide may 
readily become an oppressive tyrant. 
As Eiebig wrote many years ago, after 
having himself been a victim of the 
misfortune to which he refers : “ No 
greater misfortune could befall a 
chemist than that of being unable to 
shake himself free from the power of 
preconceived ideas, and, yielding to 
the bias of his mind, of seeking to 
account for all phenomena which do 
not fit in with these ideas by explana- 
tions which have no basis in experi- 
ment.” 

But the irresistible force of focts 
was gradually increasing, and after 
the discovery of the gas oxygen by 
Priestley and by Scheele, in the year 
1774, Eavoisier was able to put for- 
ward a new interpretation of the 
process of combustion of substances 
in air ; and with that interpretation, 
modern chemistry was bom. 

Air is essentially a mixture (not a 
compound) of the two invisible gases, 
oxygen and nitrogen. The former of 
these, constituting about one-fifth of 
t^e air by yolume, not only allows 
combustion io take place, but pro- 
motes it to spch’ an extent that a 


624 


I IS D U S 


glowing# splint of wood, when im- 
mersed in the gas, bursts into flame, 
and the substance phosphoais burns 
with dazzling brilliancy. Oxygen is 
very " active," and combines with 
practically every other element • the 
process of combination being known 
as oxidation. Nitrogen is, however, 
an inert gas, and even the most 
bgghtly burning phosphorus is ex- 
tinguished when introduced into it. 
The explanation of combustion is 
thus not far to seek, and is to Be 
found, as Lavoisier proved by thg 
dttual weighing of the substances, in 
the chemical combination of the 
burning substance with the oxygen* 
of the air. The process of combustion, 
in other words, is a chemical reaction, 
a process of oxidation of the com- 
bustible substance by the oxygen of 
the air, which is accompanied by the 
emission of heat and light ; but a 
flame is formed only when the burn- 
ing substance is a gas at the tempera- 
ture of the combustion. The nitrogen 
of the air takes no part in the process, 
but merely acts as a diluent which 
moderates the vigour of the com- 
bustion. 

But if combustion in air is a 
chemical reaction between the com- 
bustible substance and the oxygen 
of the air, why does the former not 
take fire when exposed to the air ? 
We may allow the coal gas to escape 
from the burner, or a candle or piece 
of wood or coal may be left exposed 
to the air, or even to pure oxygen, 
without any apparent change taking 
place ; and in order that they shall 
exhibit the phenomenon of com- 
bustion, that is, in order that they 
shall undergo the process of oxida- 
tion, or combination with oxygen, 
with production of heat and light, it 
is necessary to heat the materials up 
to a certain temperature, called the 
ignition point of the substance. Com- 
bustion then goes on of itself. The 
explanation of this fact is that the 
velocity or vigour of every chemical 
charge is increased by elevation of 
the temperature. At the ordinary 
temperature, the oxidation of the 
candle or the coal takes place so 
slowly that no change is apparent 
even ever long periods of time. If, 
however, r the temperature of the 
combustible material is raised, the 
rate at which it reacts with the oxygen 
of the air rapidly increases, and con- 
sequently the production of heat 
which accompanies the reaction also 
rapidly increases, until, at a certain 
» point, thC'ignition point/ the reaction 
takes place with sqch rapidity that 
the heat wjiich is produced by the 
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process of oxidation is sufficient to 
raise the substances to incandescence 
and also to maintain the burning 
substance at a temperature above the 
ignition point. The process of com- 
bustion 4s thus enabled to proceed 
continuously. 

On the other hand, if the burning • 
• substance 4s cooled sufficiently, the 
temperature is lowered to below the 
ignition point, imd so the combustion 
ceases. A simple experiment which 
can be carried out by anyone will 
serve to demonstrate this important 
truth. If we hold a piece *)f metal 
wire gauze at a distance of half an 
inch or an inch above a burner from 
which coal gas is issuing, and if we 
then apply a light to the gas above 
the gauze, we shall find that the 
flame of burning gas is arrested by 
the gauze and does not pass through 
to the burner ; for the wire gauze 
conducts the heat of the flame away 
so rapidly that the temperature is 
lowered to below the ignition point 
of the gas. Only after the gauze has 
become quite hot does the gas below 
the gauze become ignited. Similarly 
if the gauze is brought down on a 
flame of burning gas, the flame is 
extinguished at the gauze. The gas 
itself, however, passes through, as 
can be shown by bringing a light to 
the upper surface of the gauze, when 
the gas will take fire. 

The cooling power of wire gauze 
received, early last century, an appli- 
cation of the highest importance in 
the miner's safety lamp invented by 
Sir Humphry Davy. This lamp has 
undergone a striking change and 
marked improvement since the time 
of its first invention, and the modern 
safety lamp shows little sign of the 
means whereby safety is secured. 
But on careful examination it is seen 
that all the holes through which air 
can pass to the flame, or the hot air 
and products of combustion can pass 
out, are protected by fine wire gauze. 
Although, therefore, the combustible 
gas, the “ fire - damp," can pass 
through this gauze and can bum 
inside the lamp, the flame cannot 
pass through the gauze and be com- 
municated to the explosive mixture 
of fire-damp and air in the mine. 

Warning of the presence of the 
dangerous fire-damp is given to the 
miner through the luminous flame of 
the lamp becoming crowned by a 
14 cap " of pale *blue flame. The 
greater the amount of fire-damp, tb 2 
larger is the cap. 

The process of combination with 
oxygen, which, as we have seen, is 
the essential feature of the process in 
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air, may, however, go on appreciably 
even at temperatures below the igni- 
tion point. * Tipis, when metallic iron • 
is exposed to moint air, it rusts. This 
rust is oxide of iron, a compound oi 
iron and oxygen ; and •the process of 
rusting is therefore a process of oxi- 
dation, a procels of combustion, 
^gainst which it is necessary to pro- 
ject, by paint or other moans, all iron 
structures exposed to the air, if we 
,^ould have t}iem last. This slow 
combustion, as it is termed, can be 
demonstrated' more strikingly with 
the o metal alununium, which has a 
greater affinity for oxygen than iron 
has. Whed finely-divided .aluminium 
is heated in the air, for example, when 
aluminium powder is blown* through 
a flame, it bur** with a very bright 
light ; but when exposed to the air 
at the ordinary temperature, tyie 
metal remains apparently unchanged. 

As a matter of fact, it rapidly com- 
bines with the oxygen of the air, but 
the coherent film of oxide which is 
formed on the surface protects the 
metal from further attack, and there- 
fore no change is apparent. But lei? 
us now coat the surface of the metal 
with mercury. By this means' a 
liquid amalgam or alloy of mercury 
and aluminium is produced, and the 
formation of a coherent film of 
aluminium oxide is thereby pre- 
vented. The aluminium is conse- 
quently no longer protected from the 
continued action of tfie oxygen of the 
air. In this case we observe that the 
aluminium undergoes oxidation quite 
rapidly, the oxide forming a moss- 
like growth on the surface of the 
metal. The heat which is produced 
by the oxidation, although quite 
marked, is dissipated so quickly that 
the temperature doe$ not rise to the 
point of incandescence, and so no 
light is seen. 

Processes of slow # combustion, or 
combustion unaccompanied by the 
emission of light, are going on con- 
tinually within our’ bodies, atjd are 
the source of the heat by means of 
which the temperature of the body 
necessary for health, .is maintained. 
When^iir is drawn into the lungs, the 
oxygen passes or diffuses through the 
th*i walls of the blood vessels, and is 
absorbed by yie blood, whereas 
carbon dioxide passes from the blood 
into the airspaces of the lungs and 
is, expelled in the expired air. The 
oxygen is carried by the blood to all 
parts of t£e body, "and oxidises or 
bums the tissues and assimilated food 
materials with production of carbon 
dioxide and water, the former being 
(Continued §n page 628.) 




course, with any special conditions 
which may obtain at a given place. 
One of the best results can be achieved 
where a road bridge passes over the 
railway at a station, and advantage 
can be taken to construct the front of 
the station in a position facing the 
road, the booking hull, booking office, 
parcels office, and other offices to 
which the public require frequent 
access, being placed in proximity to 
the entrance, leaving the platforms 
free of any buildings except rood! 
for the use of the staff, waiting room % 
afld lavatories. In other it*tances, 
where a platform is contiguous to a 
station yard or approach, the first* 
consideration is to plac^the booking 
hall in such a position as to form the 
main entrance, and thus ensure pass- 
engers an opportunity of obtaining 
tickets before proceeding t$> the plat- 
form. Station master's office should 
be erected, as far as possible, where 
a good general view of the station 
can be obtained. Except at very 
large stations, the parcels and cloak- 
room business can be carried on in 
one office, or, if not, these offices can 
be erected adjacent to, and, for prefer- 
ence, connected with each other. 
Similarly, at small stations, the book- 
ing, parcels and cloakroom business 
can be handled in one office, and at 
stations (usually in outer suburban 
districts) where the number of cycles 
deposited warrants separate provision, 
the cycle store should adjoin the 
parcels office. Inspectors, foremen, 
porters, and other members of the 
platform staff, should have their 
rooms located where they can be 
readily reached ; public enquiry offices 
need naturally to be readily accessible 
to the public ; and care bestowed on 
the selection of sites for train indica- 
tors and direction boards will be 
amply repaid by the saving of time 
otherwise occupied in dealing with 
multitudinous enquiries. Lamp rooms 
should, on account of risk of fire, be 
erected on sites isolated from other 
buildings. Of late years, a demand 
has sprung up for telephone facilities 
for the public, also for opportunities 
for shopping at large and much- 
frequented stations, and there is un- 
doubtedly much to be said for the 
idea, in moderation. Lastly, in con- 
structing station premises, due regard 
must be had to the requirements and 
recommendations of the Ministry of 
Transport, bearing in mind that any 
new station has to be inspected by an 
officer of that department, and that 
the Ministry have powey to withhold 
their approval and thus automatically 
suspend th«(bringing into use of any 


work of the kind in the event of thei r 
requirements not being complied with- 
Careful thought must also be given 
to the relative position of the various 
offices from the point of view of com- 
bination *of work, as although the 
traffic may require and justify the 
employment of separate staffs during 
•the busy p<frt of the day, you may be 
able to combine two or more jobs 
during the early morning or late even- 
ing and on Sundays. In view of the 
heavy cost of Sunday labour, this 
point required to be borne well in 
mind, and affords a fruitful (field for 
the economical designing of new 
station buildings. 

Loco. Depots and Carriage 
Sheds— Situation in Relation 
to Station 

Whereas a few years ago, when 
drivers and train crews worked an 
unlimited number of hours, it was 
sometimes economical to provide an 
engine shed or carriage sidings away 
from the terminal station, but the 
reduction of hours of labour, the pay- 
ment for all overtime, has brought 
into existence a new economic factor 
compelling the companies to look 
closely into the cost of light running 
to and from engine sheds and berth- 
ing of coaching stock, and, in fact, 
it can be laid down as a fundamental 
principle that, where your traffic 
commences or terminates, there also 
should you berth your engines and 
coaching stock. Of course, there may 
be local conditions which compel you 
to modify in practice the principle 
here laid down, such as in London, 
where the possibility of getting the 
land is remote, and owing to the price, 
prohibitive. 

Standard Type of Design 

The idea has long been in my mind 
that it would be very useful if a few 
traffic and engineering gentlemen of 
great railway experience could be 
brought together to discuss and de- 
sign types of stations on standard 
lines. To-day, nearly every railway 
has a different practice, and whilst 
this will probably be considerably 
modified by the new grouping arrange- 
ments, standard designs and practice 
would lead, I am convinced, to con- 
siderable economy. 

Influence of Electrification of 
Steam Lines** on Passenger r 
Station Design and Working 
Conversion of lines from steam to 
electric fraction, followed by the in- 
troduction of a rapid service at regular 


and frequent intervals in substitution 
for co m para ti vely*>slo w and infrequent 
steam trainS, involves consideration 
of station design from a near aspect. 
Stations on old-established railways© 
have been constructed* and re-con- 
structed during a period of nearly 
three-quarters of & century to meet 
tfye requirements of steam traction, 
and their equipment in m&fy respects 
does not lend iteelf to the general 
" speeding up "-of traffic movement • 
with electric traction. 

With t^ie growth of passenger traffic, 
particularly in suburban areas, there 
came about si gradual lengthening of 
platforms to accommodate Tong steam 
trains of as many as eighteen or 
twenty coaches. Under electric trac- 
tion, with shorter and more numerous 
trains, these lon£ platforms are un- 
suitable. Even with carefully placed 
and easily understood stepping marks, 
passengers have a tendency to spread 
themselves along the whole length of 
the platform during the intervals be- 
tween trains, and time is lost waiting 
for the passengers to make their way 
to the point where the train stops. 

The location of platform entrances 
and their protection require closer at- 
tention than was given under the more 
leisurely steam working. The placing 
of entrances at extreme ends of plat- 
forms brings about uneven loading of 
trains which is very noticeable when 
there are two or three consecutive 
stations having the entrance at the 
same end. 

It will generally be found that the 
best position for the opening on to the 
platform is° a point about the centre 
of its length, so that passengers can 
debouch right and left when entering. 
Owing to the risk involved in passen- 
gers attempting to 4 enter rapidly- 
accelerating electric trains in motion, 
it is essential that entrances should be 
protected by an easily closed barrier, 
and that this "barrier be placed as near 
the platform as possible. If passen- 
gers are allowed to reach platforms 
directly from long passages or flights 
of steps, it is difficult tq prevent them 
making a rush for a moving train when 
they ditch sight of it, possibly with 
disastrous results. 

For similar jeasons, exits from 
waiting rooms and lavatories require 
to be carefully placed. 

.Whilst speaking of Waiting rooms, 
it is well to point out that the intro- 
duction of, an electric train service 
mailing every few minutes obviates 
the necessity for providing such ample 
waiting room accommodation os it 
was formerly the eastern to afford. 
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Platform covering should, however, 
be ample, especially from the point of 
| view of even loading* of Uains and 
avoidhnce pi delay Jlfcreto, as an 
exiguous platform shelter on a wet 
dty leads to tfce congregation of a 
mass of passengers at one point, all 
attempting to crush into one or two 
carriages. • 

The timingpf electyc trains permits • 
of only very brief stoppages at sta- 
tions, 25 seconds being the usual • 
allowance, and it is, therefore, essen- * 
tial that everything possible be done 
to avoid causing passengers tq have 
any hesitancy in enterlbg or alighting 
from trains, jmd to expedite the hand- 
ling of luggage, etc. In this •con- 


nection, careful attention is necessary 
to the following details of station 
design, namely : — • 

(1) Ample platform width free from 
columns, lamp posts and other 
similar obstructions. 

(2) Platforms of footboard ^height 
and having good surface for 
movement of barrows^etc. 

(*3) Provision of separate entrances 
and exits at stations where 
traffic is heavy. 

(4) Provision of adequate booking 
office facilities. * 

(5) Clear and distinct platform 
and f train indicators, direction 
boards, station name boards, 
etc. 


(6) Adequate lighting of platforms 
and illumination of sfatiorf name 
boards. 

Where power is taken from con- 
ductor rails, it is, of course, necessary 
to cut the latter at points where tim- 
bered crossings are provided for pass- 
ing luggage barrows, etc., from one 
platform to auothcr. Such crossings 
are a source of risk where there is tf 
frequent and rapidly accelerating 
tragi service, and station design 
should provide for their elimination, 
so*that, wherever possible, traffic to, 
or from Aie platform can be dealt 
with without crossing the rails on the 
level. 


Some Experiences with the Bock Roller Bearing 

A plain write-up of an important invention. 


O WING to the keen interest 
which railway engineers and 
designers are showing in 
British* Bock bearings, as 
applicable to axle boxes of 
rolling stock, it is thought that it will 
be of some interest to quote certain 
facts and figures known about the 
use of the bearings on trflcks and 
passenger coaches running in the 
United States of America. 

Bock bearings are fitted on the 
Stanley steam ca% manufactured by 
the Unit Railway Company, Boston, 
Mass. The car weighs 60,000 lb. 
without load. The average load is 
fifty .persons, but they bhve carried 
as many as one Jnundred. There is 
also a fairly large package compart- 
ment behind the boiler in the front 
which carries luggage. 

The oldest car has been in service 
for four years, and is in operation on 
the White River Railroad, on *a 
branch line of the Vermont Central 
running about twenty miles up into 
the mountains. • 

The bearings jvere installed ip this 
car in the spring of 1919. It is not 
possible to give, the exact mileage of 
this car, as it is sometimes Mid up for 
repairs, and sometimes cannot run 
the winter, due to ice and snow on 
the trhdcs. 


However, its schedule calls for two 
round trips per day, which would 
make a total of eighty miles daily. 


White River Railroad 

The White River Railroad is simply 
a branch line, its principal reason for 
existence being freight haulage, and, 
as a consequence, its trackage is in 
miserable shape. The railbed is very 
rough, the rails are warped, and the 
entire line is full of curves and grades, 
so that when the car is running at 
full speed there is a great deal of sway, 
and consequently severe thrust load 
thrown on the bearings, also many 
shocks are transmitted to them due 
to the bad condition of the rail joints. 

The maximum speed of the car is 
probably from 46 to 50 miles per hour 
on the level, but in coasting down 
grades sometimes this is exceeded. 
The coasting ability of the car is re- 
markable, and is demonstrated by 
one man being able to push it alone 
for several feet. 

Ode of the demonstrations which 
this Company use is to reverse the 
car back and forth by use of throttle, 
nol using the brake to retard motion. 
They do this on a length of track not 
over three hundred feet lon£. They 
attribute, in part, their ability to do 


this to the use of roller bearings in 
their wheels. 

These bearings were inspected in 
April of 1922, and no signs of wear 
were apparent on any of the load- 
carrying surfaces. 

Several of the United States arsenals 
are using this equipment for haulage 
and switching in their yards. Their 
experience, as reported, is that Bock 
bearings are the only bearings that 
would stand up to the service, and. 
as a consequence, the Ordnance De- 
partment of the United States Army 
has specified these bearings on trucks 
used on rails. 

A report made of the operating con- 
ditions on the Manhattan Railroad 
Company in May of 1922 reads as 
follows : — • 

“ These railroad cars are fitted with 
east steel wheels and demountable 
steel flange tyres. Two of the cars 
are used between the city of Man- 
hattan and Junction City, a distance 
of about fifteen miles. 

The cars have replaced the? city 
street cars, and also the inter-urban 
cars running between the above two 
points. 

The equipment was installed about 
January, 1922. The rails oyer which 
ths street ca$ run are in very bad • 
condition, as nearly, all the joints are 




low, forcing the cars from ride to side 
subjecting the wheel bearings to very 
severe shock tlimst loads. 

The curves* qp the dty # tracks are 1 
45 ft. radius, and as the wheel base 
of the truck is 150 ijj., there is cofl. 
siderable strain on the bearings when 
turning these cu«ves.” 

• British Bock Bearings Ltd., have 

• •a modem factory locatq^at Cornwall 
Street, Glasgow, Scotland, where 

special automatic machinery is em- 

* ployed to produce the various com- 
ponent parts of their bearings which 
are finished to a degree of accuracy 
w &11 within the*S.A.E. limits. 

All engineers who may be interested 
in the service of British flock adjust- 
able taper roller bearings for railway 
coaches or tracks should e write for 
drawings to show the application, 
together with <any other particulars 
necessary. 

An important feature is the pure 
rolling action on all load carrying 
surfaces, and the entire absence of 
friction, which results in cool bear- 
ings, also low cost of maintenance, 
plus low fuel consumption and greater 
tractive power of locomotive. 


Combustion and the Production of Fire 

(Continued from page 624.) 


then conveyed by thel blood back to 
the lungs, and so got rid of. 

The presence of carbon dioxide in 
expired air is readily shown by blow- 
ing through a tube into clear lime 
water (a solution of slaked lime in 
water). The liquid very speedily 
becomes turbid owing to the separa- 
tion of insoluble carbonate of lime, 
formed by the combination of carbon 
dioxide with the slaked lime. The 
production of turbidity with lime 
water is used as a test for, or method 
of, detecting the presence of carbon 
dioxide. 

In the processes of putrefaction 
and decay, also, we have examples of 
slow combustion, in which animal 
and vegetable material is oxidised by 
the oxygen of the air, with the co- 
operation of various micro-organisms ; 
and efficient aeration, a? in a rushing 
and tumbling stream, s an excellent 
njeans of purifying water from all 


kinds of organic and bacterial con- 
tamination. 

Under favourable conditions, the 
process of slow combustion may pass 
into rapid combustion with pro- 
duction of light. For, if the heat 
which is produced by the combination 
of the oxygen with the combustible 
material is prevented from being 
dissipated, the temperature will go 
on rising gradually, and as the tem- 
perature rises, the vigour of the com- 
bustion increases. More and more 
heat, therefore, is produced in a 
given time, the temperature rises 
more and more rapidly, until, finally, 
it reaches the point at which light is 
emitted. The slow combustion passes 
into rapid combustion, and the com- 
bustible material takes fire without 
the application of external heat ; in 
other words, iirundergoes spontaneous 
combustion. In this way arise, for 
example, the so-called “gob” fires, 
in spaces from which coal has been 


removed, and where coal dust and 
fine coal remain behind ; so also may 
fire break out in coal bunkers and in 
other confined spaces in which com- 
bustible matter, like oily cotton waste, 
is stored without proper ventilation. 
Such spontaneous Combustion will, 
of course, Take place with special 
readiness in the ease of readily in- 
flammable substances, or substances 
which have a low ignition point, such 
as phosphorus. Thus if .this sub- 
stance is dissolved in {he liquid known 
as carbon disulphide, and if the solu- 
tion is then poured on a sheet of 
filtering paper, or thin blotting paper, 
the carbon disulphide soon evapor- 
ates and leaves the phosphorus on the 
paper* in a finely divided state. The 
ixygen of the air rapidly unites with 
the phosphorus, and the heat which 
is thereby developed soon raises the 
temperature to the ignition point of 
the phosphorus, and rapid combustion 
sets in. 
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How the use of trailer vehicles in conjunction with the 
use of *J>ower vehicles - can reduce t the cost cf transport. 




O NE of the yiost urgent afltf 
universal problems of the 
present time is, perhaps, 
the reduction of transport 
costs. It is a pro ole m. 
bristling with difficulties but those 
depending upon road transport are 
i» the fortunate position of having 


be adapted as a trailer, but a little 
thought should convince them that 
the same service is demanded from 
a trade ^chassis as from a lorry chassis, 
and that the construction of the one 
is as important as the other. It is 
therefore imperative that to get 
really satisfactory results, a well- 


the present article is the independent 
frailer, and our remarks must not be 
taken as referring to six-wheeled 
Vehicle^ or such like modifications «of 
the trailer pure and simple. Such 
•vehicles have their own sphere of 
usefulness, which it is not the pur- 
pose of this Article to consider. 

First of all we have in the ordinary 



at their disposal a definite and 
proved method of effecting a step 
in this desirable direction. 

We refer to the use of trailer ve- 
hicles in conjunction with the existing 
{rower vehicles. Needless to say, 
numbers of transport users are fully 
alive to the advantages of such a 
course, but there are mai^ who have 
still to appreciate the benefits to be 
derived from the intelligent use of 
trailers. 

There are {plk who mistakenly 
imagine that almost any vehicle can 


designed and soundly constructed 
vehicle should Ire adopted. 

Such a vehicle is represented by 
the Warren trailer, which is described 
Mow. This trailer is designed and 
constructed on the same lines and 
with the same care as a lorry chassis, 
and may be consequently relied ujxm 
for continuous service and low upkeep 
costs. 

It may not be out of place to 
enumerate the leading advantages 
obtainable by the use of trailers, and 
we would here say that the theme of 


steam or petrol lorry a considerable 
reserve, imder most circumstances, 
of tractive effort. The trailer enables 
us to utilise this by adding to the 
load carried on the lorry itself any- 
thing from 100 per cent, in the case 
of steam and the more powerful 
|x?trol vehicles to at least 50 per cent, 
or 00 per cent, in the case of the 
lighter petrol lorries. 

It is worthy of note that the in- 
crease of fuel consumption is not in 
proportion to the increase of load, 
a matter of some importance with 
the more expensive fuels. Messrs. 
Warren find that the gross ton mileage 
per gallon with petrol is increased by 
anything from J5 to 25 per cent, when 
their trailer is used. 

Added to this, the extra load is 
carried without any increase* in the 
wages bill, while loading and unload- 
ing of the trailer can be effected with- 
out incurring demurrage on the lorry. 

This last feature becomes more 
pronounced when the hauling vehicle 
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With Renault Tractor 

/ 

takes the form of a separate tractor. 
It not infrequently happens that the 
distance between loading and unload- 
ing stations is comparatively short, 
which means that the running time is 
a very small proportion of the working 
day. When motor vehicles are used, 
this means that capital charges are 
enormously increased through the 
power plant standing idle for such a 
large proportion of its time. 

The use of one of the small and 
inexpensive petrol tractors, now read- 
ily procurable, in conjunction with 
several trailers, confines this demur- 
rage to the trailers, which, costing 
each one-fourth or one-fifth of the 
amount which must be expended on 
a lorry, materially reduces the ex- 
pense in this direction. For the 
same capital outlay, also, the goods 
can be shifted much more rapidly, 
two or three times the number of 
journeys being accomplished per day 
by the tractor as compared with the 
lorry. 

The Warren trailer is built entirely 
of steel, the frame being of a substan- 
tial rolled section fitted with two 
massive cross members, and well 
braced, to equally distribute the 
drawbar pull. 

The springs are wide and of a good 
length, mounted on substantial pins 
at the forward end, and sliding on 
large bearing surfaces at the rear 
end. » 

The axles are of square section high 
tensile steel, having a tensile strength 
of 40 tons per square inch, and pro- 
vided with plain bearings with phos- 
phor bronze floating bushes. These 
bearings are of unusually large di- 
mensions fpr the load. 

The wheels are espec&lly worth? 
pf notice, and are* 'a speciality of 


Messrs. Warren’s. They are con- 
structed of sheet steel, and are a 
notable example of press work. The 
rim and the main disc are pressed up 
in one piece, and additional strength 
is provided in the form of a second 
pressing which is forced into the main 
plate and riveted thereto. This 
second plate affords support for the 
overhung portion of the rim, and 
enables the required thickness to be 
provided at the hub to give the wheel 
lateral strength. This construction 
provides a wheel in which there are 
no riveted joints under any high 
stress, and the wheel should prove 
practically unbreakable. 

The steering is effected on the 
Ackerman principle, which, as is well 
understood, affords greater stability 
and more positive control than the 
turntable method. The better con- 
trol is particularly noticeable when 
reversing. 

A further advantage obtainable 
with the Ackerman steering is that 


o 

the height of the frame can be kept 
much lower, a distinct convenience 
when loading. f 

Ample braking r power is provided, 
the brakes being of large diameter,* 
and of the internal expanding pattern. 
Each rear wheel is provided with a 
heavy pressed steel' drum, upon which 
c#st-iron shoes operate,* These 
actuated by meaVis of rftfeel cables 
connected to a* compensating bar 
nfounted beneath the drawbar king 
pin. This compensating bar is carried 
on a substantial lever to which the 
actqjiting cable K from the towing 
vehicle is attached. The function of 
this lever is u> afford a true and direct 
pull oh the brake cables under all 
circumstances, so that the brakes are 
just as effective?* whatever the angle 
of the drawbar nj^iy be. 

A screw gear is provided at the 
rear end of the chassis, ‘by myitis of 
which the brakes may be applied by 
hand. This is operative whether the 
trailer is attached to another vehicle 
or not. 

The Warren chassis is a carefully 
standardised article, and all parts are 
interchangeable. The design is Well 
thought out, and it would appear 
that these vehicles should fulfil all 
but the most unusual requirements. 

The leading dimensions of the three 
models at present being turned out 
of the Warren factory ^re as below. 

Messrs. Warren are able to quote 
attractive prices for chassis packed 
and delivered to foreign ports, and 
issue some very interesting literature 
which is worth enquiring for. 

We understand that they are pre- 
pared to grant a limited number of 
agencies which should be well worth 
the attention of dealers. 


1 

1 ton 

4. 

3 ton 

5 ton , 
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Wheelbase 

O'O' 

6' 6' 

r o' 

Track 

50* 

5' 6' 

,V 6' 

Height of frame, loaded 

2' r 

2' 7' « 

#'8r 

2' 10* 

3' 4' 

Height of frame, unloaded 

Width of frame 

2' 3' 

3*b' 

2' sr 

3' 4* 

Length of frame 

.10' 0* 

10' 6' 

11' 6' 

Depth of frame 

i r 

y 

5' 

Weight of chassis (approx.) 

9 cwt. 

22 cwt. 

231 cwt. 

Weight allowance for body 

8 cwt. 

lft cwt. 

15 cwt. 

Tyres mm. 

Rim diameter 

75 x 750 

v 110X870 

120 X 900 

«2a 

720 . 

720 

Length of springs 

, 3' 0' 

30' 

3' 0' 

Width of springs 

fc 2* 

3' 

3' 

Diameter and width of internal expanding 


A w 


brakes ... .«T 

8'xll' 
f 24' 0* 

14' x 2' 

14' x 2' 

Turning circle diameter 

27" 0' 

30' O' 

Minimum clearance under axle 

nr 

y r 

12' 

124' 

Overall width over hub caps 

• | 

8' ©r 

6' or 
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Twelve New 180-ton Passenger Locomotives 

* . 

For the New York, New Haven and Hartford Railroad 

By W, J. CLARbY, » 

Omni F-nglncerinf Driwrlmnit, WnttuVioyt KlMtrtc nd Muuterturla, Comp»ny 

• I 

These locomotives, of the 2-0-2 T 2-0-2 typepwill permit 100 per cent, electric 
passengef service. One locmnotive, capable of hauling fl00-/o» tripling load 
— tuglfi'e Pull man* cars between Grand Central Terminal* and New Haven 
in ninety-nine minutes. Schedule speed of forty - four miles per hour. 


• • 

rr\m New York, New Haven 

# I and Hartford Railroad elec- 

* I trification is the most* com- 
■ • prehensive in the world, and 

embodies all classes of ser- 
vice on one of the foremost truck line 
railroads. The main line between 
New York and New Haven, a distance 
of 72 miles, is an outstanding example 
of what can be done by electrification 
on* a congested four-track section with 
4 extremely heavy freight and passenger 
traffic. There are almost 600 miles of 
electrified track, including some of the 
busiest main line and yard trackage 
in the world. Yards at Oakpoint and 
Westchester are served entirely by 
electric switched locomotives. 

The present electric motive power 
consists of 106 Baldwin-Westinghouse 
locomotives, 52 for passenger, 38 for 
freight, 16 for switcher service, and 
35 Westinghouse equipped multiple - 
unit motor cars. The first 41 pass- 
enger locomotives, placed in service 
in 1906 and 19(^8, are the 2-6-2 type, 
and weigh 102 tons complete. The 
last five passenger locomotives were 
built in 1919, ^nd are the 2-6-2 
j 2-6-5 type, weighing 180 tons com- 
plete. Sixteen ^80-ton 0-8-0 type 
switcher locomotives were placed in 
service in 1912, and thirty-six 110- ton 
2-8-2 type road freight engines in 
1912 and 1913. The first of the 35 
multiple-unit motor cars were oper- 
ated m 1909, and the last eight $ars 
went in service in 1922. These tars 
range in .weight frqjn 84 to 91 tons 
complete with all equipment (no load), 
and are really locomotives,, as each 
motor car is Capable of haulfng two 
trail cars. 

: In 1916 and 1917 a very complete 
Study was made of the traffic require- 
ments to determine what type of 
motwe power was best adapted for 
the service. The* original types of 


freight and switcher locomotives were 
considered suitable for handling the 
continued increase in this class of 
traffic. The first passenger loco- 
motives which were built were satis- 
factory, except as to capacity. They 
had been in service only a few years 
when the railroad began to replace 
the light 40-ton wooden coaches with 
steel cars of 62.5 tons weight, having 
only about 15 per cent, greater seat- 
ing" capacity for 58 per cent, greater 
car weight. At the present time these 
locomotives have to be double headed 
80 to 90 per cent, of the time, and 
even at that do not have capacity to 
handle many of the heavier trains. 
With so many heavy trains in opera- 
tion it is desirable to have a locomo- 
tive that can handle them without 
double heading. For these reasons a 
new locomotive of the 2-6-2 4* 2-6-2 
type was designed, which is capable 
of handling all of the heavy passenger 
trains. Five of these locomotives 
were purchased and placed in service 
in 1919. 

Recently twelve new 180-ton Bald- 
wing - Westinghouse passenger loco- 
motives were ordered, and are now 
being built. These will be identical 
to the five passenger engines placed 
in service in 1919, except for some 
refinements in minor details. These 
engines are the 2-6-2 + 2-6-2 type, 
equipped with six twin 409 C-2 West- 
inghouse motors, and will operate 
from a 1 1,000-volt, single-phase trolley 
or a 650- volt direct-current third rail. 
The gear ratio will be 25 to 89 on 
63*inch drivers, and each engine will 
have two pantagraphs and four third 
rail shoes for current collection. The 
weight complete will be 180 tons with 
122 tons on drivers. 

The new locomotives will rate 2,016 
h.p., and will develop a tractive effort 
of 23,2001b. at 32.6 m.p.h. The 


continuous rating is 15,800 lb. trac- 
tive effort tt 39.4 m.p.h. The engines 
have a high speed rating of 2,424 h.p. 
and develop this rating at 45.5 m.p.h. 
The tructive effort is 19,900 lb. A 
maximum momentary tractive effort 
of 52,5001b. is available, and the 
normal accelerating tractive effort is 
38,2001b. A maximum speed of 
66 m.p.h. may be attained with 
safety. 

In designing the passenger loco- 
motives for the New York, New 
Haven and Hartford Railroad, there 
are always two factors which have 
to be given primary consideration. 

All passenger locomotives are limited 
to a maximum weight of 181 tons 
complete with all details, including 
sand, water, oil and crew. This re- 
striction is imposed on account of 
the Park Avenue Viaduct in New 
York, over which passenger trains 
run when entering the Grand Central 
Station. The locomotives must be 
designed for direct-current operation 
from a 650- volt third rail to permit 
running on the tracks of the New 
York Central. This, of course, com- 
plicates the control apparatus. 

The mechanical parts of the engine 
weigh approximately 175,000 lb. An 
interesting feature is the locomotive 
frame, which is a one-piece steel cost- 
ing for each half of the running gear. 
This means two frame castings per 
locomotive, and simplifies the con- 
struction of the engine. Jhey are 
the largest integral castings ever 
made for a locomotive, and each 
casting weighs 18,000 lbs. Operating 
officials of the railroad have been well 
pleased with this type of frame, and 
consider it an insurance of low 
mechanical maintenance. 

# The quill drive and details are the® 
same as on xhe .present locomotives, 
and this type ot flexible drive nas 
U : ’ 
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Running Otar of pr««*nt New Haven Locomotive* 


proved very successful. It is the 
twin motor type, and is fitted with 
a single gear meshing with two 
pinions, one on each armature shaft. 
The frame of the motor includes two 
integral bearings carrying a hollow 
shaft or quill, which surrounds the 
driving axle. Sufficient clearance 
exists between the axle and the quill 
to permit the axle to accommodate 
itself freely to track irregularities. 
At the end of the quill, a gear is 
mounted, meshing with the motor 
pinions. At each end of the quill arc* 
bolted six castings, each gripping 
one end of a helical spring located 
between the wheel spokes. The other 
end of each spring is gripped in a 
easting which is bolted to the driving 
wheel. 

The 401) C-2 twin motor rates 336 
h.p. at 275 volts, for one hour, and 
276 h.p. continuous at the same 
voltage. The sjieeds at these ratings 
with 25 : 89 gear ratio and 63-inch 
drivers are 32.6 m.p.h. and 36.4 


available for motors and gearing, and 
gives a more balanced design. A 
twin motor weighs approximately 
13.000 lb., including bases, axle caps, 
axle bearings, dust guards, commu- 
tator lids, and gear cases. Each 
motor armature shaft has a pinion, 
and two pinions are in mesh with the 
gear for one pair of drivers, trans- 
mitting the power to the wheels 
through the flexible quilt drive. The 
twin motor permits the use of a gear 
with a narrower face than could be 
used with a single motor of equal 
capacity, since power is transmitted 
to the gear at two points. Conse- 
quently the gear requires less space, 
and leaves a considerably greater 
length available for the active iron of 
the armature. 

The A.C.-D.C. control equipment 
is the Westinghouse unit switch, 
pneumatically-operated type dupli- 
cate of that now in service. The entire 


control of an engine is handled by 28 
switches, which i$ a reaj achievement 
when it is considered what is required 
of the engines. c Tallis is accomplished 
by connecting the motors in four, 
permanent groups of three armatures 
in series. The switches are arranged 
t. in three groups * motor switches, 
transformer switches, and resistance 
Switches— which assists ihcaimplifyihg 
the control. Thq maintenance of the 
^witches on th^ five engines now in 
service is practically negligible. 

There are three .starting and nine 
running notches t obtained by means 
.of voltage taps on the transformer. 
The locomotives have three preventive 
coils, \frhich are used when accelerat- 
ing on alternating - current,, Nine 
frames of gride * are provided for 
direct-current acceleration. The cur- 
rent per locomofive during accelera- 
tion is limited, and is indicated by 
the ammeter. The controller is 
“ notched up” at a rate that does 
not permit exceeding the maximum 
current limit for the locomotive. 

Series-parallel control is not pro- 
vided for direct-current operation, as 
sufficient speed can be obtained when 
three motors are connected in seribs. 
Series- parallel operation would com- 
plicate the control, and the gain in 
efficiency is negligible. A field shunt, 
which is effective on the last con- 
troller notch, gives the speed that is 
necessary on the D.C. zone. 

The air blast transformer weighs 
15,3001b., and rates 2,100 kv.a. It 
has the necessary low tension taps 
for accelerating the locomotive and 
supplying power to the auxiliary 
apparatus. The storage batteries 
(used on alternate days) provide 
energy for operating the control 
switches, and a motor -generator set 
charges the battened. The blowers 


m.p.h. respectively. A maximum of 
357 volts may be applied to each 
motor armature when the trolley 
potential is 11,000 and the loco- 
motive is operating on the highest 
speed notch of the controller. The 
motors are the series commutator 
type with a resistance load winding 
in the armature, and have com- 
pensating windings. This type of 
motor Jias proved very successful 
both on the New York, New Haven 
and Hartford and on other single- 
phase electrifications. 

The twin motor really consists of 
two complete motors with a common 
v frame, thus making a/ permanent 
double unit. This pernns the mast 
effitfent utilisation of the limited space 



One of the 180-ton Locomotive# 



are supplied to ventilate the trans- 
foriher and rt^in mptors. There are 
two air compressors induded with 
the* air byike equipment, each having 
a 60 cu. ft. displacement. The blower 
and qpmpressar motors are identical, 
which simplifies maintenance. 

An important fAture of the loco- , 
motive is the train heating equirf- 
niSnt. Kaqh locomotive is equipped* 
with oil-fired flash Jsoilers, and the 
necessary oil and wajer tanks. Tift; 
boiler has .sufficient capacity to heat 
a 12-car train. • 

The 180-ton locomotive was selected 
for service on the New York, Biew. 
Have* and Hartford Raiftoad as the 
best size of unit to meet all t>f the 
operatim; requirements. It is desired 
to handle all of thqiieavv passenger 
trains with a single engine, and the 
180-ton locomotive fias the capacity 
for this wor^. The heaviest of the 
express trains consist of 12 Pullman 
cars of 75 tons each and 900 tons 
trailing load. The 180-ton locomotive 
is capable of hauling a train of this 
weight between Grand Central Station 
and New Haven in 99 minutes on a 
non-stop run. This is a schedule 
spied of over 44 m.p.h., a remark- 
able performance when the numerous 
necessary slow-downs are considered. 
With stops at 125th Street, Stamford, 
South Norvalk, and Bridgeport, the 
run can be made with the same 
weight of train between Grand Central 
Station and NAv Haven in 115 min- 
utes, provided the aggregate of the 
stop time does not exceed 7 minutes. 
In local service, trains of 460 tons 
trailing load can be handled. 

The new locomotives als«r operate 
over the New York Connecting Rail- 



Oi! -Fired Flash Boiler 
for Train Heating 


road and Hell Gate Bridge into 
Pennsylvania Station They are cap- 
able of hauling a 900-ton train from 
New Haven to Pennsylvania Station 
in 1 10 minutes on a non-stop run. On 
one section of the west-bound Hell 
Gate Bridge approach, the grade 
averages 1.16 per cent, for two miles, 
with a maximum of 1.22 per cent. 
The heaviest demand is placed on an 
engine when it is acsending the west- 
bound approach on this bridge. 

Twelve new locomotives are being 
purchased at the present time, as this 
number is required to provide 100 
l>er cent, electric passenger service. 


There has not been sufficient electric 
motive power to accommodate all of 
the pas^nger trains, and a number 
of them have been operated with 
steam engines, particularly those 
routed over Hell Gate Bridge. Oper- 
ating officials desire to handle all of 
the passenger trains with electric 
power to secure more efficient and 
reliable service, as well as to keep tjie 
steam equipment out of the electric 
zone. After the twelve new loco- 
nfotives are placed in service, all 
passenger trains will be hauled by 
electric ^engines, both on the niafii 
line and on the New York Connecting 
•Railroad. 

The live } 80- ton passenger loco- 
motives that Aave been in service the 
past four years are operating success- 
fully. They have proved their ability 
to perform^ the service satisfactorily, 
and have an excellent record. The 
engines frequently make over 6(X1 
miles per day, which is a very good 
performance when it is considered 
that the longest single trip that is 
made is 72 miles, the distance from 
New York to New Haven. The 
record of these engines is very pleas- 
ing, and substantiates the belief that 
this type will meet the demands of 
passenger traffic on the railroad for 
many years to come. 

Another interesting fact is the 
record of the 41 original Westinghouse 
passenger locomotives of the 2-8-2 
gearless type (0-1 to 0-41). A number 
of these engines have now made over 
1,000,000 locomotive miles, and the 
others are very close to this figure. 
This is the result of sixteen years of 
successful operation, and is a very 
remarkable record. 


THE LOCK-NUT PROBLEM 

B/itish engfheers with a sarcastic 
turn qf mind h£ve been heard to say 
that samples of every device for 
locking nuts tightly upon bolts can 
be found lying«at the stopping places 
of London omnibuses. This # is an 
exaggerated way of expressing the 
fact that many of the so-called in- 
fallible lock-nuts fail under very 
strenuous conditions. On the other 
hand,. should not infldy that all 
lock-nuts are •unsatisfactory* und*r 
ordinary conditions. There is, how- 
ever, still rootft for invention in con- 
nection with lock-nuts for resisting 
extra heavy vibration. A British 
engineer offers a new solution which 
has been* proved axceptiqpaljy satis- 


factory under very trying conditions. 
The device Consists of two nuts, a 
lower one with a split cone at its 
upper end, and an upper nut with a 
corresponding conical recess. When 
the upper nut is screwed home, it 
tightens up the split cone firmly on 
to the bolt, and unlocking is prevented 
by a small pawl let into the recess in 
the upper nut. This pawl allows the 
two cones to move freely over each 
other during screwing up, but it hicks 
them together so that any slacking 
back is effectively prevented. At the 
same time the two nuts can be easily 
unscrewed when required. I/>ck-nuts 
of this type have remained tight after 
a fortnights continuous service on a 
liammer forging gun liarrels. The 


nuts previously used on this mechan- 
ism required tightening every twenty 
minutes, and had to Ik* replaced every 
four or live hours. • 

We are informed by the Selby 
Engineering Co. Ltd., 92 Fen church 
Street, K.C., that they are prepared 
to execute orders from Brit^lf India 
(retail or in bulk) for Navaline Lac- 
paint. This quick-drying ensfmel is 
used extensively by steamship and 
railway companies, factories, etc., and 
its non-cracking, sun-resisting proper- 
ties render it valuable for use under 
trying conditions. It is sypplied in 
\yhite, blackt and a large variety of • 
colours, whne\ any shade can f be 
.matched to order. » 
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Some Recent* Developments of Powdered Goal Firing 
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(('ontinued from page 586.) 
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e cent. should not be maintained over a 
dfengthy period, an$ not ju§\ during an 
acceptance test. With metallurgical 
furnaces, such as forge, heating, re- 
heating, annealing or evaporating 
pots or tanks,, high efficiencies can be 



Fig. 5. Low In Heating Value of (• 
Coal with Different Percentages 
of Uneonsumed Carbon In Af.h 


maintained. In addition to the ad- 
vantages enumerated, there is always 
the ability to use cheaper grades of 
fuel, owing to the fact that small, 
dusty coals answer the purpose very 
well and are always obtainable at a 
low price. -- -(To he continued.) 


the rapid combustion, the gases leav- 
ing a boiler fired with powdered coal 
are usually lower in temperature than 
the gases from a boiler working at the 
same rating and fired either by means 
of a mechanical stoker or by hand. 
It is quite possible to maintain the 
COg readings of 16 per cent, and over. 
The table at foot of page 586 shows the 
readings taken on one of a number of 
tests made by independent chemists. 



There is another great saving to be 
'-obtained with powdered coal firing 
and this refers more, particularly to 
the ash. It, is often found that from * 


12 per cent, to 14 per cent, and in 
some cases - which are by no means 
so rare as one would think- up to 
40 per cent, of uncousumed carbon is 
taken away with the ashes from 
below a hand-fired or mechanically- 
tired boiler grate. Fig. 6 shows the 
loss in the heating value of the coal, 
with different true ash percentages in 
the coal and with varying percentages 
of unconsumed carbon in the ash 
taken away from the ashpit. This 
curve is perhaps somewhat elementary 
— but the author does not remember 
the figures being shown* in this way 
before. 

With regard to flexibility, the taking 
of peak loads and the elimination of 
banking and damping, a powdered- 
fuel plant, suitably designed, is just 
as convenient as gas or oil. Starting 
up after a week-end or a night stop- 
page, either in connection with a 
boiler or a metallurgical furnace, can 
be carried out much more quickly. 
In practice, this of course means a 
very material saving in coal burnt 
over a lengtHy period. W T ith a suit* 
ably-designed powdered - coal - fired 
boiler, together with superheater and 
economiser, there appears no reason 
why an overall efficiency of 80 per 


INDUSTRIAL HEATING 
CONGRESS IN PARIS 

There will be held in Paris, from 
June 10th to 16th, an important Con- 
gress on Industrial Heating, together 
with an Kxhibition from June 1st to 
i 7th, of the apparatus, drawings, etc., 
under discussion, the whole being 
under the direction of the Conserva- 
toire National des Arts et Metiers. 
The office of the Congress is the 
Ministry of Public Works, 246 Boule- 
vard St. Germain, the Hon. President 
being the famous Frepch scientist, 
M. Le Chatelier, a$d the President 
M. Walckenaer, the Chief Inspector 
of Mines of the French Government., 
We understand that the work of the 
Congress, to which representative 
engineers from different parts of the 
wosld, including Great Britain, have 
beeu invited, will cover a very wide 
field, including th$ methods of analysis 
of fuels, the pauses of the fusibility of 
ash and, clinker, steam ba|Kt§@fmd 
furnaces of every desorption, scienti- 
fic apparatus for the # s£udy andloou- 
trol of efficient combustion (partial* 
laity pyrometers and apparatus for 
the automatic analysis of gases),. pul- ' 
verised fuel, boiler plant testing, oil 
firing, etc., ptc. 
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of alloys # particularly in those called 
solid solutions, where a second kind 
of atom, the atom of the alloying 
element, entered into the structure of 
the crystal and produced in it certain 
minute changes. With regard to .^uch 
changes, the lecture! put forward two 
simple principles and was then able 
to show a striking series of inferences 
fropi his theory, which accorded 
closely with a large number of ex- 
perimental facts. Connections be- 
tween various series of properties ifi 
metals and their alloys were estab- 
lished which had not forme4y beeif 
recognised, such as the relation be- 
tween hardness and alloying power. 1 
Especially important is the con- 
nection between the •minute dis- 
tortion of crystal structure which 
occurs ill alloys, and their behaviour 
on melting and freezing, %hile such 
phenomena as plasticity, diffusion, 
and others fell easily into line with 
the same type of explanation. Most 
important of all, perhaps, is the fact 
that this new theory of alloy structure 
affords a ready explanation of the 
electrical properties of metals and 
alloys, and the changes of those 
properties when the metal is heated 
or cooled. The explanations cover 
the mysterious phenomena of super- 
conductivity found in many metals 
when cooled nearly to the absolute 
zero of temperature. 

A A A 

Listening to Dirt 

It is not only in picturesque 
colloquial language that dirt can be 
described as making itself heard. In 
actual scientific experiments recently 
carried out in Great Britain, the 
presence of dirt has made itself 
audible. This remarkable phenome- 
non arises from the use of the “ ther- 
mionic valve,” which is now the 
essential thing in wireless telephony 
and u broadcasting.” The applica- 
tion mentioned is in connection with 
the leaning of photographic prints. 
The apparatus used for washing is 
much the same as usual, but it is 
connected to electrical appliances in 
such a way that when dirt remains 
in the developing dish the balance of 
two electrical currents is upset. This 
lack of balance causes a very minute 
current to flow, and this minute 
current is magnified by three valves 
so as to make an audible sound 
through a telephone. As soon as the 
bath is free from dirt the electrical 
balance is restored, and no sound 
heard. In this way th^ photographer 
get£ an absolute accurate ana ready 


means of ascertaining when the 
lengthy process of # print washing is 
completed. The thermionic valve, it 
is interesting to note, is the invention 
of an English man of science, and 
was the instrument above all which 
enabled the British Navy to combat 
the submarine menace. 

• • 

AAA 

“ Spit and Polish ” 

This not very elegant phrase was 
the standard* method in the British 
Army of referring to the #tedious 
business of keeping oneself spick and 
* span in spite of Flanders mud and 
any other form of material in the 
wrong place. Every member of H.M. 
Forces probably considers himself an 
expert on polish, and quite capable 
of delivering a long and highly elo- 
quent lecture on the subject. Never- 
theless, from the scientific point of 
view, it is a fact that this laborious 
and very ancient business of polishing 
has never, until lately, been properly 
studied. Every now and again some 
remarkably new polish makes its 
appearance — and its disappearance ; 
and people are apt to jog along with 
various materials to which they have 
become accustomed. A British Metal 
Research Association has, however, 
undertaken a thorough research into 
the materials and methods used in 
polishing ^ every variety of metal 
article. The allied subject of grinding 
has also been investigated, and the 
experts engaged on the work found 
that definite information about what 
actually happened in grinding and 
polishing was completely lacking. 
Very interesting work has already 
been done in collecting information 
and making experimental tests ; and 
results of the highest importance are 
expected to accrue from this British 
enterprise. 


A Giant Telescope for Russia 

In view of the condition of Russia 
as represented by the usual accounts 
of famine and disorganisation, it is 
rather surprising to find that the 
Government of that country has 
ordered a telescope which is one of 
the largest in the world. This tele- 
scope has just been completed in* a 
British factory, and will shortly be 
transported to ap observatory on the 
shores of the ffiack Sea. It weighs 
about nine tons, and the inside length 
of the tube is 45 feet. Heavy as the 
telescope is, it is so admirably fitted 
that it can be moved by electrical 


means as easily as if it were a small 
portable apparatus. The push-button 
system of cbntyl has been adopted, * 
so that all the operator hasHo do to 
direct the telescope to any part of#> 
the heavens is to press catain buttons. 

A second telescope almost as large as 
•tjiis is being made%t the same British 
factory for another observatory r in 
Kussia. So delicgfte is tll£ work on 
these giant instruments, that about 
ttfree years are occupied in designing 
and constructing them. * 


“Under Hatches” 

^ • # * 

Ihis familiar «qjd nautical phrase 

will convey unpleasant memories to 
passengers who °are fond of good 
weather at sea. To the $hip designer 
they convey a sense of a mechanical 
problem not, until recently, satis- 
factorily solved. Strange as it may 
seem, there has been an unsatisfied 
need for a really simple and effective 
method of locking the hatches on a 
cargo vessel. A British engineer has 
lately introduced a device whifch 
claims to meet every requirement, 
and to be applicable to any size or 
form of cargo hatch. Moreover, it 
can be fitted to existing hatches with 
very little trouble. Across the centre 
of the hatcli is placed a T-shaped bar 
which holds down theVood covers of 
the hatch and is itself held by a self- 
acting slip bolt. The act of dropping 
the bar in place locks the hatcli, which 
can be reopened only by means of a 
special key. Further safety can be 
ensured by the use of a lever lock. 
All the vital parts of the equipment 
are inaccessible, so that they are not 
liable to damage. * 


Thornycroft Lorry* Succeeds 
French Tests 

Information is to hand regarding a 
series «L official trials for wood and 
charcoal gas-consuming motor lorries, 
conducted by the French Automobile 
Club, and the Offices des Recherches 
et Inventions. There weie five com- 
petitors, £nd the only British entry — 
a 'BhomVcroft vehicle — Vas classed an 
easy first. The tests were of two 
kinds — bench and road, the latter 
comprising the running at an average 
speed of 15 km. 600 per hour, over a 
distance of 60 kilometres. The bench 
tests lasted < in each case 104 hours. 
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THIS MONTH WE ARE FEATURING A SERIES OF SPECIAL ARTICLES RELATING 
TO THE MANUFACTURE OF TEA AND THE TURPENTINE INDUSTRY 


The. 




Manufacture 


of Tea 

* 


How the British engineer invented, manufactured and supplied 
the machinery which has made the Indian tea industry supreme 


W HEN tlfe housewife buys 
packet of her favour- 
ite brand of tea, she cx- 
• pects it to possess the 
same identical qualities 
as the packet which she bought the 
week before, and every process in its 
preparation is carried out with such 
care and precision that this condition 
is practically guaranteed. And this 
is all the more remarkable when it is 
remembered to what huge proportions 
the tea industry has grown. In India 
in 1921 the total area under tea was 
reported to be 691,800 acres, and the 
total production of manufactured tea 
was reported to be 377,055,6001b. 
How the British planter in India, 
Ceylon, Burma, and the Shan States 
swiftly won a supremacy over the 
China and Japan tea tradejbs a matter 
of history. How the British Engineer 
rose to the occasion, and invented, 
manufactured, and supplied the ma- 
chinery which has contributed to and 
ensured that supremacy is perhaps 
not so well known*, or so generally 
realised, but we hope in tliis series of 
articles to pay ’tribute to this enter- 
•pri^, and to Mearly describe some of 
the ipost interesting machinery and 
mechanical devices employed on the 
tea estates and in the tea factories of 
India. # • 

One of the pioneer British fyrns in 
this particular direction was Messrs. 
Davidson & Co. Ud., of Belfast, 
and we vpll start by giving the story 
of their achievement. 

• *• • 

Tea as a Beverage • 

Tea has beeh tecognise^as a bever- 
age in the Western Countries of ihe 
World for the past three centuries, 
but its consumption during the greater 
part of this period was cqmp|iratively 


small, due to its being exclusively of 
Chinese origin and exported only in 
small quantities. With the com- 
mencement of the 19th Century the 
cultivation of the tea plant was con- 
siderably developed in India, and 
later on in Ceylon and Java, with the 
result that these three countries have 
now virtually ousted the Chinese 
product from the European markets, 
with the exception of Russia. It may 
be interesting to mention that tea has 
also been successfully cultivated in 
Sumatra, Natal, British East Africa, 
French Indo-China, and the Caucasus 
of Russia, for all of which districts 
there has been a demand for Messrs. 
Davidson's machinery and factory 
equipments. Experimental planta- 
tions were also started in Virginia by 
the U.S. Agricultural Department, 
but these do not appear to have 
been successful, as the machinery 
was offered for sale some few years 
ago. 

The progress of the development in 
tea manufacture lias been particularly 
rapid during the last 50 or 60 years, 
and has been chiefly brought about by 
the application of science to the culti- 
vation of the indigenous plant and to 
the methods of manufacture. The 
application of scientific principles has 
practically doubled the yield of leaf 
per acre, while the introduction of 
machinery for the process of manu- 
facture has enabled the planter to 
cope with this increased output of 
his garden without difficulty and 
without the employment of a pro- 
portionate increase of labour. 

It would seem that, because the 
tea leaf was of Chinese origin, the 
primitive methods of manufacture of 
that country were slavishly copied in 
the early days, and these methods, 
cumbersome in the extreme and 


lacking entirely in hygienic qualities, 
continued to be employed for many 
years. But it was only natural that 
when this new industry began to 
engage seriously the attention of 
European planters that Western 
science should gradually be intro- 
duced into the manufacturing process 
of the leaf, and that machinery should 
by degrees take the place of the 
primitive hand methods. One of the 
foremost pioneers in the application 
of science to the manufacturing end 
of the industry was Mr. S. C. David- 
son, who at that time was a practical 
tea planter. Mr. Davidson recognised 
early in his career as planter that if 
the success of the tea industry was to 
be assured it was absolutely essential 
that machines should be utilised in 
order to increase the production of a 
garden. Being of an inventive turn of 
mind he immediately set about devis- 
ing some method of drying the leaf on 
a larger scale than was possible with 
the “ Cliulas,” using charcoal fires, 
which were in general use at that 
time. The outcome of his experi- 
ments was a drier called the No. 1 
Sirocco, which was very successful, 
and was the forerunner of many 
other and larger driers that have 
been evolved by this inventor. Con- 
temporaneously with the develop- 
ment of mechanical driers, machines 
were gradually introduced into the 
other processes of manufacture* of the 
leaf, and such progress has bSen made 
in this respect that little remains at 
the present day of the methods in 
general use during the early part of 
last century. 

In this article we give a brief de- 
scription of the various “ Sirocco ” 
tea machine®, which are ndw so well 
known in every tea-growing country 
of the world. « ° * 0 
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FJA. I. Vl«w of Indian Tea Garden, with Factory In dintance 


limp wither can be secured bv the 


Withering 

Machinery plays an important role 
in the very first process through which 
the freshly-plucked leaf passes on its 
arrival at the factory, and that is in 
the withering lofts. The leaf, having 
been weighed, is spread thinly on 
shallow trays and allowed to remain 
there until it has become quite soft 
and flaccid, a process which under 
natural conditions usually occupies 
from 1H to 20 hours. The great dis- 
advantage of natural withering is the 
influence that the change in climatic 
conditions has upon the conditions of 
the leaf. At night the atmosphere 
may be cold and moisture laden, and 
consequently the wither, when carried 
out under such conditions, is greatly 
prolonged, owing to the leaf reviving 
to a certain extent, causing thereby 
serious delay to all the work in the 
factory, 

i 

llv the use of fans, properly pro- 
portioned and correctly applied, the 
entire volume of air in the lofts can 
be positively and evenly controlled, 
thereby enabling the temperature and 
saturation to be regulated, and ensur- 
ing results equal to those obtained 
under the mast favourable natural 
conditions. Uniformity and regular- 
ity of wither can be obtained cm 
account of the entire air contents of * 
the loft being under control, the flow 
of air over the leaf beiqg the same 
at all parts. Further, ^fae capacity 
of » the lofts is increa^d, as a good 


aid of fans in six to ten hours, which 
is considerably less than under natural 
conditions. 

The fans usually employed for this 
purpose are of two types, namely, 
centrifugal cased fans and wall fans, 
the first being placed on the floor of 


the loft, while the second are arranged 
for building into a Wall. In* the 
wanner tea cjjstricts the withering 
house is frequently a sepaiate build- 
ing, but in the cooler districts th^ 
process is often carried out on the 
upper floors of the factory itself, and 
i the hot exhaust &ir emanating from 
Jhe driers on the ground floor is 
•utilised to assist* the withering pfro- 
cess. The two, types of fans illus- 
trated are t^e most satisfactory, 
because they have a large? volumetric ♦ 
capacity at * slow speeds and are 
positive in actioji under all conditions 
of weather. Propeller fans are 
not suitable* as they are «* often ren- 
dered* inoperative by opposing wind * 
pressure. «, 0 « 

4 r 

polling 

The withering being completed, the 
next step is the rolling of the leaf. 
In the early days tlite used to be 
Informed by the coolies by the aid 
of their hands and feet, a somewhat 
tedious and certainly unhygienic 
method. This primitive way has 

entirely been superseded by rolling 
machines which very successfully 
reproduce the hand method and 

give the leaf not only its character- 
istic twist, but also rupture the leaf 
cells. This produces an exudation 
of the juices in order that they may 
oxidise when they come into contact 
with the air. 



fit X W*tghIo# fr*»hly plucked Uaf 
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Pig. 3. t‘ Sirocco" Cased Fans tor erection • 
on tht flooiwf a withering loM 

e 

• # Permutation 

fermentation Wing a chemical 
fiction, no machinery is required dur- 
ing this stage, btit a roll breaker is 
usually employed to break up, cool, 
and roughly sort the leaf coming 
from the tollers and prior to fer- 
mentation. 


Drying 

Since the introduction of mechan- 
ical driers, as exemplified in the 
No. 1 " Sirocco ” referred to earlier 
in this article, considerable strides 
have been made in this type of tea 
machine, both as regards its capacity 
and its mechanical design. 

The No. 1 “ Sirocco " was termed 
an up-draft differ, and was self-acting, 
that is to say, the drying chamber, 
containing a number of trays for 
holding the leaf, was placed im- 
mediately above the # direct - fired 
air heater, the hot air ‘from the 
latter passing by convection upwards 
through the drying chamber and 
through the trays of leaf contained 
therein. The Brst drier of this type 
had only four trays, and its capacity 



was consequently small, but larger 
machines with raqre trays of greater 
superficial area were gradually evolved 
and became very popular among the 
planters, It will be observed that 
these up-draft driers do nqt require 
mechanical power for their operation, 
a necessity in those early days of the 
tea industfy, when the existence of, 
an engine in the # factory was the ex- 
ception and not the* rule. While the 
up-draft driers have in the majority 
of gardens been uow replaced by 
larger and more modem driers, they 
are stiU being used in quite a con- 
siderable number for the purpose of 
the final firing of the tea. 4 

The next development in tea drying 
machinery is represented by the down 
draft “ Sirocco ” tea drier, in which 
mechanical power was required for 
the operation of the fan that draws 
the heated air from the stove into the 
drying chamber. By the aid of the 
fan a larger volume of hot air could 
be passed through the trays of leaf, 
with the result that the capacity of 
these driers was, generally speaking, 
larger than that of the up-drafts. 

They are like the up-draft machines, 
still being used with great success for 
final firing, and are much in request 
for this puq>ose. 

It is interesting to observe the im- 
provements carried out in each suc- 
cessive type of drier. In the up-draft 
machines the movement of the trays 
from the top of the drying chamber 
to the bottom had to be performed 
by hand, in the down draft driers the 
upward movement of the trays was 
accomplished mechanically by means 
of a lever, in both cases, however, the 
drying being finished at the highest 
temperature. The movement of the 
leaf through the drying chamber has 
been still further improved until it 
has become first, semi-automa- 
tic, and finally, entirely auto- 
matic . The * * Si rocco ' ’ enclosed 
type tilting tray pressure 
drier may be termed a 
semi-automatic type of 
drier. It is fitted with 
trays having a tilting 
movement, whereby the 
leaf is transferred from 
one line of trays to the 
next lower, and the 
finished tea finally dis- 
charged from the bottom 
line of trays into a col- 
lecting chamber in the 
base of the drier. The 
top line of trays slides 
out of the drying cham- 
ber, so that the attendant . 

can spread the leaf upon Lc&ircoti rirtt (ca» 



Fig. 4. “ Hlrocco ” Wall Fan, exUrior vl*w 

it without being exppsed to the hot 
blast of exhaust air. Having pushed 
back this first line of feed drawer, the 
attendant then turns a crank handle, 
which tilts successively the four lines 
of trays below the feed drawer, com- 
mencing with the lowest, and thus 
leaving the top row empty. By re- 
leasing a control lever on the feed 
drawer, the trays of the latter are 
tilted and the leaf dropped on the 
row below. On returning the lever 
to its original position, the trays are 
brought back to the horizontal, and 
the drawer can be pulled out for re- 
charging. The same principle of 
finishing off the drying at the highest 
temperature is followed also in this 
machine, but by means of a by-pass 
a small proportion of hot air is intro- 
duced below the top row of trays in 
order to clteck rapidly the fermenta- 
tion of the leaf. This drier, which is 
slightly larger in capacity than any 
of the earlier drying machines, is par- 
ticularly suitable for gardens, the out- 
put of which is not sufficiently large 
to warrant the installation of an auto- 



ovtr 



Flft. 3. Old (Chine**) Method of Rolling Ten Leaf 


nmtic drier which is described in the 
next paragraphs. 

The “ Sirocco ” endless chain press- 
ure drier is not only one of the most 
modem, but also one of the largest 
tea driers. It is entirely automatic in 
operation, and together with the auto- 
matic feeder and spreader, which has 
been added within the last eighteen 
months, represents the most up-to- 
date and complete tea drier now on 
the market. 

The coolies empty the wet leaf into 
the feed hopper of the feeder and 
spreader, the hopper being arranged 
at a convenient height from the floor 
for this purpose. The leaf in travel- 
ling upwards upon the endless band 
of trays encounters a rotating spread- 


ing plate, which combs out the wet 
leaf, breaks up any balls, and allows 
the leaf to pass on, spread like a 
carpet in a perfectly even, loose, and 
regular condition. The spreading 
plate can be easily adjusted while the 
machine is in operation to give any 
desired depth of spread, which is kept 
quite uniform over the entire surface 
of the trays. On reaching the upper 
end of the automatic spreader the leaf 
falls lightly on to the top row of trays 
of the drying chamber. Prior to the 
introduction of this automatic feeder 
and spreader, the feeding had to be 
performed by hand, but with the in- 
troduction of this new adjunct not 
only is a considerable amount of 
labour saved, but the capacity of the 


drier itself is thereby inc»^$ ^ a 
more uniform and regular 4*y«ig of 

the tea secured . e # 

• ' 

Drying Chamber 

The drying chamber of the etfdless 
chain pressure dqer is fitted with 
f three endless bands of trays, which 
tavel from one end of the machine 
to the other, forming six aryirig sur- 
fa«ces. When thd leaf has been dis- 
charged by the spreader «upon the 
• top row of trays, it is carried to the 
far end pf the chamber, where it is 
dropped upon the next row of trays 
moving in c Ijhe opposite direction. 
The leaf thus travels backwards and 
forwards in the drying chamber six 
times, emerging ‘ at the ‘bottom 
of the chamber ‘immediately below 
the spreader. Tire principle of dry- 
ing is. again the same as in the other 
driers, the drying of the leaf,, being 
finished at the highest temperature, 
the hot air being discharged by a fan 
into the bottom of the drying chamber 
and passing upwards through the six 
rows of trays. To check the fermenta- 
tion of the leaf as soon as it enters the 
drying chamber, a by-pass is fitted, 
conveying a portion of the hot air 
from the bottom of the chamber to 
the underside of the top and second 
rows of trays. 

The heater used with this machine 
is of the well-known “ Sirocco ” 



A 16.Tr»y 4 Vp. Draft "Sirocco** 
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Fig. 13. 44 J*lrocco" RndletM PrrMur* Drlor. Vl«w o! Drying 
Chamber and Automatic Faerter and Spreader 


multitubular type, and is fitted with 
a centrifugal fan, which draws the hot 
air from the heater and propels it into 
the base of the drying chamber. The 
heater will bum coal, coke, or wood, 
or it can be fitted with a suitable 
equipment for burning oil fuel. When 
using coal it can also be fitted with a 
mechanical stoker. 

From the above description it will 
be seen that in the ** Sirocco ” endless 
chain pressure drier, which is made in 
two sizes, the amount of labour re- 
quired has been reduced to a mini- 
mum, its operation being almost en- 
tirely automatic. 

In the accompanying table we give 
particulars of some tests carried out 


with two sizes of endless chain 
pressure driers on different estates in 
India and Ceylon. In every case, of 
course, tea is the material being dried, 
but it must be borne in mind that the 
condition, t.e., the moisture contents, 
of the wet leaf entering the drier 
varies according to the extent of the 
wither which the leaf has undergone 
prior to the drying process. The 
method of drying is not the same on 
every estate ; on some it is the rule 
to dry the leaf only partially in the 
endless chain pressure driers and 
finish it off later in smaller driers, 
while on other estates the tea is com- 
pletely dried in the large drier. This 
difference of procedure has naturally 


a decided influence upon amount. of 
evaporation per pound of fuel, as it 
stands to reasoiv that to extract tfie 
final 25 per cent, of moisture from the 
leaf takes comparatively more fuel; 
than in the earlier stages t)f the drying 
process. In this connection it may 
of interest to give the terms used 
foj designating degrees of dryness i|t 
\fogue in India. The currefcby of the 
country is employed for this purpose. 
Tlfere are sixteen, annas in a rupee, 
consequently the planter speaks of 
*“12 anna ” dried tea to convey that 
it is ’JS pdt cent. (fey. 

• In the sixteen tests it will be ob- 
served that flriee classes of fuel foe re 
used, namely, coal, wood, and oil. 
The calorific value of Assam coal is fn 
the neighbourhocftlt of 10,000 B.T.U. 
white that of wgod and oil may 
be taken as about 5,000 B.T.U. 
and 20,000 B.T.U. respectively. In 
tests 1, 2 and 4 of the large drie^, and 
in test 1 of the small drier, the multi- 
tubular air heaters were equipped 
with mechanical stokers. 


Sorting 

The tea coming from the driers is 
then sorted into different grades, of 
which there are usually five. This is 
performed by a machine consisting of 
a rotating cylinder fitted with brass 
mesh. The brass mesh is of five 
different sizes to suit thj same number 
of grades of tea. Prior to the leaf 
entering the sorting drum it passes 
through a cutting mill which forms 
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Fia. U. Mechanical Stoker fitted to an Air Heater “Sirocco” Tea Cutter and Sorter 

of a 44 Slrocao " Tea DHer 


part of the machine and breaks up 
the coarse tea preparatory to sorting. 

#> Final Firing 

Previous to packing the tea it is 
the usual practice to subject it to a 
final firing in order to dry it thor- 
oughly and to evaporate any moisture 
it may have absorbed while waiting 


to be packed. The machines used for 
this purpose are generally of the up- 
draft or down-draft type, as described 
in the section relating to the drying 
process. 

Packing 

As soon as the tea comes from the 
driers in which it has been finally 


fired, it is packed immediately into 
chests. Here again a mechanical 
contrivance is employed in place of 
the earlier practice of hand packing. 
The Packer consists of a rocking 
table upon which one or two chests 
are clamped, and which are subjected 
to a rapid vibratory movement. By 
the use of these 4 machines it is possible 


Tests of Endless Chain Pressure Driers 







FAROE 

MACHINE. 





Test 

No. 

Coun- 

try. 

— • 

Class <>f Fuel. 

• 

Amount 

of 

damp 

material 

l K ‘ r 

hour. 

Amount 

of 

dry 

material 

per 

hour. 

Moist- 

ure 

evapor- 

ated 

per 

hour. 

Fuel 

con- 

sumed. 

Lbs. of 
moist- 
ure 

evapor- 
ated per 
lb. of 
fuel. 

Lbs. of 
dry 

material 
per lb. 
of 

fuel. 

Per- 
centage 
of dry- 
ness of 
dried 
material. 

Ri:m\uk*. 








... .. .J 

— 

Lbs. 

4 4 

4.2 

5.2 

4 

4 4 

141 

1.5 

0.37 

Lbs. 

2.5 

4.9 

2.7 

2.5- 

3.0 

.92 

1.14 

4 92 

— 




4 

1 

2* 

a 

4 

5 

6 

7 

8 

Iudia 

India 

•India 

India 

India 

Ceylon 

Ceylon 

Ceylon 

• 

*Assam CoaP 

Ass#m Coal 

A^sain Coal 

Assam Coal 

Bengal Coal 

Jungle Wood, good 
Jifhgle Wood, good 
j Oil Fuel ••• | 

Lbs. 
1075 
1247 
1744 
1002 
1330 
1013.0 
949 
> 1231 

fibs. 

373 

672 

587 

379 

595 

400 24 

409.5 

531.5 

Lbs. 

702 

577 

1 157 

623 

735 

613.36 

539.5 

099.5 

Lbs. 

1 00 

137 

220 

J 53 

107 

432 

359 5 

108 

92% 

65% 

86% 

82% 

83% 

100% 

100% 

100% 

Dry Hull., 90° — 

„ .. ««• 

„ , i 104° 

„ .. 100° — « 

120° 

” 83 d Wet Bulb 75® 

” ” 95° „ „ 

:: ** „ .. 
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SMALL MACHINE. 




• 

# 

1 

2 

3 

4 

0 

6 

7 

8 

India 
India 
India 
Ceylon 
Ceylon 
Ceylon 
Ceylon 
■ Ceylon 

• 

Assam Coal . >. # 

Assam Coal 

Assam Coal 

Angle Wood^good 
Jungle Wood, green 
Jungle Wood, good 

Oil Fuel 

Oil Fuel ... 

1 « » 

! fibs. 
817 

7«? 

980 

742 
i 633 
651.2 
800 
644.83 

i 

j Lbs. 

43T5 

253 

426 

•290 

258 

248.6 

350 

308.33 

Lbs. 

J 380 

! 509 

559 

452 

375 

402.6 

450 

336.5 

Lbs. 

81 

120 

100 

220 

402 

398.0 

81 

54 

Lbs. 

4.7 

4.2 

5 

o 

~ 93 
1.01 

5.55 

6.23 

Lbs. 

5.3 

2 

4 

1.28 

.04 

.62 

4.32 

5.7 

76% 

88% 

86% 

100% 

100% 

100% 

. 100% 

| 100% 

• 

Dry Bulb, 100° 

„ „ ho; 

84* — 

" ", 84* Wet Bulb 73° 

:: .. 04* „ 73* 

85° 

” " 80* ,, 74* 

02 * ,, „ 78* 

■*- • ■- " '■ ■ 

» 
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to pack alxiut 6 to 8 per cent, more 
tea into the chest than cai be done 
by hand, while saving at the same 
time a considerable amount of time 


and labour. Further, machine packed 
tea not being subjected to pressure, is 
not damaged or broken whdh handled 
by these machines. 


Messrs. Alfred Herbert (Iiylia) Ltd. 
have taken over the agency for the, 
following British manufacturers <— 

Electromotors «Ltd., Openshaw, 
Manchester, for their complete range 
dynamos and motors fcn*D.C. and 
AC. 

* Igranic ElecfHc Co. Ijtd., Bed- 
ford, for starting and. controlling 
devices. * ' t 

' Berry’s Kief trie Ltd., London, for 
Ironclad switches and fuses. 

The Engineering Lighting* Equip- 
ment Co. Ltd., St. Albans, for com- 
mercial lighting fittings. 


Indian Forest Industries — Turpentine 

By T. K. MIRCHANDAN1, B.E. (Civil), P.F.S. 

Extra Aealetant Conservator of Forests and Instructor F.K.I., and College, Dehra Dun * 


I T may probably interest some of 
the lay readers of this magazine 
to know that a great bulk of 
the turpentine oil used in India 
is produced and manufactured 
in India. It is a Swadeshi industry, 
worked and controlled by the Govern- 
ment, and is very profitable. 

The turpentine oil is the chief dis- 
tillation product from the distilla- 
tion of oleo resins exuded from certain 
conifers known under the common 
name* of Pines. In India the chief 
species which at present yields this 
resin in sufficiently large quantities, 
and at a reasonable cost of ex- 
traction, to work it successfully on 
a commercial scale, is Pinus longifolia, 
commonly known as Chir Pine. This 
species occurs in abundance in the 
U.P. and the Punjab Himalayas from 
the elevation of about 1,500 feet to 
5,600 feet. 

Resin Collection 

1 There are usually two methods # 
adopted for tapping . /ht trees in 


India : (1) light and continuous tap- 
ping ; (2) heavy or dead tapping. 

The last method is adopted only 
in case of trees marked for felling. 
The object is to collect as much resin 
out of the tree before felling as prac- 
ticable. The tree is blazed on all 
sides, and galvanized iron lips in- 
serted (as far deep as the first two 
to three years’ sap wood) (refer to 
Fig. 2), to lead off the resin into the 
receiving basin hung below the cut. 


ACTIVATED SLUDGE LTD. 

14 HOWICK. PLACE, 
VICTORIA STREET, 

WESTMINSTER, LONDON, S.W.i 

Sewage Purification Engineers. 


Sm oar Adrartiaatnttit in next month's 1 mm. 

(Advt.) 


The second method is based on the 
general print i pie of sustained annual 
yield. Under this method usually 
trees over 3 ft. in girth are considered 
mature and ready ‘for tapping. One 
blaze per year is ma<fe in a tree be- 
tween 3 ft. to 4 ft. 6 in. in girth, 
two in a tree up to 6 ft. in girth, $nd 
three in over 0 ft. girth. t 

The first blaze is made 6 in. above 
the base of. the tree, and is 6 in. x 
4 in. x i in. at the very start. The 
second year’s blaze is^made over the 
blaze of the first year* and so ’on for 
five yetrs. (Fig. 1.) In the sixth 
year* the blaze will again be near the 
base? of the tree, only a few inches 
away from the blifte of the fiftst year. 
It thus requires about thirty years 
to go rpund a tree qf 3 ft. girth, 
an(f by that time the first year's 
wound lias healed up, • This allows 
of tjie contiguous annual tapping of 
the same trees, provided there be no 
external danger increased by this 
method. 



# The usual tappidk season is from 
January to Pctober. The first two 
month* are utilised in marking trees 
and making arrangements for col- 
lection and transport. The chief 
point to be attended to in organising 
a scheme of collection is to collect 
the resin as clean as practicable, and 
after collection to expose it to the 
allnosphere as little as practicable. 

In February the required number 
of blazes are made in the marked trees. 
The loose bark, along with all similar 
inflammable material round the tree, 
is removed. This work must be done 
very carefully, as the resin, especially 
dry, is very inflammable. The coolies 
should be forbidden to smoke. 

The Collecting Lip 

The collecting lip, about 6 in. long, 
is attached to the base of the cut, 
and below it a nail is driven to hold 
the collecting pot! The resin, as it 
flows in the rean ducts, is collected 
in the cup. But .after a time the 
flow stops, due to the blocking up 
of the ducts by gradual evaporation 
of the turpentine and thfe solidification 
of The rosin. coolies in charge 

have* instructions to freshen the 
blazes from time to time by removing 
a very* fine layer of wood from the 
exuding surface* of the blaze. By the 
end of the season the blaze ha$ really 
increased to about 15 in. x 4 in. x 2 in. 

The resin thus collected in the cups 
is transferred to the # collecting depots, 
where these are emptied into tins, 
which are soldered air-tight afjer 
filling, and await carting to the 
nearest railway* station fpr transport 
to the factory. % 

The coolies are paidlby the quantity 
of fesin collected. The main object 
is to empty the collecting cans into 



the tin at the depots as early as 
possible, so as not to expose the 
resin unnecessarily. 

The resin tins arrive at the dis- 
tillery usually by some light railway 
from the forest. 

The Factory Process 

In the factory these tins have to 
be stacked in cool and well-ventilated 


godowns. The floors of these houses 
have to be made with a camber to 
the centre, for collecting all the 
leakage from the tins. 

From the godown9 the tins, when 
required, are transported by trolley 
to the heating chambers (heated by 
a series of steam pipes). The resin 
is thus liquified in the tin, and the 
tins are next cut open in a huge 
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galvanized iron trough (steam jacketed 
at the bottom). 

The resin is taken from this trough 
to the Helecoid melters. (See Fig. 3.) 
The capacity of the melters is approxi- 
mately 1,100 gallons of resin. These 
melters are steam jacketed, as shown 
in the sketch. 

To the above charge of the resin is 
added about 10 per cent, of its 
quantity of the bulk oil (turpentine) 
from special high service tanks. 

It takes about two hours to mix 
and melt one charge of the resin 
thoroughly. The charge remains in 
the mixers for about fifteen hours. 
The lighter and purer quality of the 
resin is slowly drawn out by means 
of the hinged pipe shown in the 
sketch. About 40 to 00 per cent, of 
the total charge comes off as pure 
resin.# The resm so drawn is led by 
mean of steam jacketed pipe to 
settling vats. (See Fig, 4.) The 
resin is further cleansed by passing 
it through copper wire gauze before 
admission into the storage vats, 
these vatS being steam jacketed to 
keep the resin in a fluid state. The 
impure resin at the bottom of the 
melters is drawn off at the base. 
From this the pure resin is separ- 
ated by means of a centrifugal 
machine. 

• The pure resin from the vats f 
gravitates to the eonmfertsors. (See* 
Fig.*5.) ' • 


The capacity of the compressor is 
usually 100 gallons. Under the 
pressure of the compressed air or 
steam, the charge of 100 gallons is 
forced into the stills. (Fig. ft.) 

Here it is steam distilled under a 
pressure of about 110 1b. with lftO 
deg. C. temperature. The general 
principle involved is the well-known 
physical law of partial pressures. 
The turpentine evaporates along with 
the steam, which is admitted at the 
base of the still. (See Fig. 6a.) 

One charge is thus distilled for about 
an hour and a half, when the steam 
admitted inside the still is cut off and 
the charge cooked for about twenty 
minutes, so as to evaporate all the 
moisture and turpentine from the 
residue in the still. This residue is 
an imjKirtaut by-product called rosin, 
which . along with shellac, is used for 
manufacture of varnishes, etc. 

Separating and Classifying 
the Oils 

This rosin is drawn off from the 
base of the still. It is pressed through 
lint and copper gauze to remove all 
impurities. This is then poured intp 
casks, in which it solidities, and is 
transported to the exporting godown. 

The turpentine Vapour, along with 
the steam, passes to the condenser. 
(See Fig. 7.) The vapours are con- 
densed in the spiral copper tubes, 
round which cold water circulates. 
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The mixture of water and oil is Jed 
to a separator. • (Fig? 8.) They 
separate by ‘their different density. • 
The finer quality df oil, which distills 
off first, is called '* bulk oil,” and the « 
oil which comes off in the end • and 
is dirty looking, is ft called “ inferior." 
•TJiey are collected separately. Both 
ttye oils are passed through C,0 aijd 
lime water to rentove a rtf trace of 
addity. (See Figi 8a.) 

* The bulk oil next passes^on to the 
•measuring drums, and thence to the * 
storage thinks. .From here the bulk 
oil is« pumped to the high level service 
tanks, referie^ to above, whenpe it 
gravitates to the melters, ‘or again „ 
to the stills for redistillation. T^e 
inferior oil is punJped directfy from 
the tanks to the stills for redistillation. 


In the redistillitlg still the bulk oil 
(by fractional distillation) is separ- 
ated in quality I and quality III oil. 
The inferior oil is divided into 
quality II and quality III oil. 

The oils are next led to measuring 
drums, and thence to the storage 
tanks, in specially constructed cham- 
bers away from the main factory. 

Every precaution must be taken to 
guard against fire, as the materials 
dealt with are highly inflammable. 

The quality of the oil manufactured 
from each charge of the still is 
variable, hence large storage tanks 
have to be maintained to keep the 
quality of the mixture constant. 

From the storage tank the oil pipes 
are led to the distribution chamber, 
where it is drummed for export. 
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This industry at present is national, 
in so far that it i% not a private con- 
cern, and the huge profits yielded by 
it go to the public treasury. Like the 
res J of the Forest Department, the r 
responsible work connected with the 
industry has# been kept 'in charge of 
Europeans. But with the “ gradual ° 
Indianisation of the public services, 
.this industry may pass wholly under 
Indian management? 



Art in Bridge 


Design 

* 


I N a recent issue* of Steel Structure ^ 
— the quarterly journal of th| 
Steel* Structural Section of the* 
British Engineers* Association — 
there appeared «an article oft* 

• “ The Art Spirit in Bridge Structures.** 
The writer laid down, *as a sort of 
axiom, that an asimrance of per- 
manence is the prime condition of all • 
art. We fcould, of coiftse, quote a 
* thousand instances against this con- 
tention. • What atrmt the modern 
poster, the up-to-date creations in 
which we attire qpr women, the 
settings of our stage productions, or 
the design of *a Cross- Atlantic liner ? 
Because the butterfly flits across the 
stage to-day,* and is dead to-morrow, 
Mother Nature does not stint her 
form, colour, or opulence. Every- 
thing ugly, unsuitable, and ill-de- 
signed has a deadening effect upon 
th^ mind of man, and, therefore, it 
should be taboo in any civilised com- 
munity. We have sometimes thought 
that the gantries and cranes which 
were raising tier upon tier of steel 
girders and concrete slabs were more 
pleasing and imposing than the 
modem buildings which were under 
erection. We would retain the beauty 
of the plant — although it is here to- 
day and gone to-morrow — and urge 
a greater beauty in the permanent 
structure itself. Our writer main- 
tains, that when, in the insolence of 
his pride, Pietro de Medici com- 


manded Michael Angelo fc> make an 
image of snow, his order remains for 
ever ** the supreme example of waste- 
fulness.** We wonder! If this is so, 
then we must cut out the charming 
.work of Phil May, Bernard Partridge, 
and Raven Hill. These men pandered 
— if* you like— to the mood of the 
moment ; but their influence will be 
a “ joy for ever." Your true artist 
does not stop to think about the 
relation of his work “ to the eternal 
constitution of the' universe '*— what- 
ever that may mean ! He does not 
concern himself in the " vested inter- 
ests " or “ the commercial spirit," 
except that, if he is a wise man — and 
more often he is — he demands a 
Roland for an Oliver. I Jsually having 
some sense of form, colour and fltness, 
he exploits that sense to his own 
advantage and, incidentally, to the 
advantage of the community at 
large. The old picture of the artist 
in a garret is played out. I usually 
find him in a well-lighted studio with 
a goodly appointed flat attached — 
and this is as it should lx 1 . However, 
to return to our muttons, the writer 
of the article under review contends 
that the iron and steel structures of 
fifty or sixty years ago were ugly 
because the designers conceived them 
to be of a merely temporary or 
industrial nature. We may forget 
the early users of steel if they did 
not realise its “ noble qualities 


and high artistic uses,** but we 
must not altogether* forgive them. 
Many of our industrial problems 
to-day are a result of their indiffer- 
ence. 

Yet us admit, with the writer, that % 
structural engineers, as well as their 
efnployots, had a good deal to learti 
and that they could not be expected 
\o realise the “ art " side of their 
business. Ay y how, “ with the ex- 
ample of the* Forth Bridge in its 
harmony with the Tower of London 
before thtmi, both parties realise 
clearly the art possibilities of the 
bridge of metal structure. Many 
metal bridges now ^how all the 
beauty of arch and curving lines so 
long considered possible only to the 
bridge of stone or timber. With 
growing confidence in the permanence 
of their work, engineers have given 
much thought to the artistic quality 
and its outward appearance, and with 
4 love and delight ' design grace and 
ornament for arch and buttress, pillar 
and linial. No material is so well 
fitted as steel to convey the idea of 
easy and secure flight over space* 
which is the artistic spirit of a 
bridge." There remains no excuse 
for us to ignore the artistic possi- 
bilities of the material with which 
we are working. Ugliness is a sin, 
and there seems to be no reason 
for keeping it alive in any of our 
engineering structures. 


Curing Noise in Machinery 


Noise is not only distracting to the 
ear, it represents a waste of energy. 
Therefore# nt is to .the interest of 
machine makers to design their ma- 
chines so that they run as qyietly as 
possible. This* aspect of engiheeriag 
production has received very careful 
investigation fcy a British engineer, 
who has devised a very Single 
apparatus for tracking the noises to 
their source. The apparatus resem- 
bles a telephone receiver, .and is con- 


nected by thick rubber tubing to a 
pair of ear tubes. A thin steel rod is 
connected to the diaphragm of the 
telephone so that sounds transmitted 
th&ough the rod are heard. By apply- 
ing the end of the rod to different 
parts of the machine, it is possible to 
locate noises very much as the doctor 
locates wheezes and murmurs in our 
breathing and blood-pumping ma- 
chinery. By using two rods and two 
telephones, comparisons can be made 


between two noises ; thus the running 
of a machine may be compared with 
the running of a standard similar 
machine kept in perfect order. An- 
other development of the apparatus 
enables the intensity of sounds to 
be accurately measured. One of 
the most useful applications of 
the instrument is in detecting 
faulty portions of machinery be- 
fore serious > fijischief has beeu ^set 
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MORE ABOUT LAC 


• V % TK have already made 

\m/ passing reference to the 
lac industty. Also w% 
T T have said in effect that 
one of the disturbing 1 
features of the commercial life of 
India is that many industries, once 
in a lucrative and flourishing con- 
dition, are now practicallv extinct, 
and yet, under proper and*up- to-date 
management, there exists no reason 
why they shoflld not be profitably 
revived. 

One of these industries is the lac 
industry — which is probably one of 
the oldest in India,— and is one of 
those which has passed through many 
vicissitudes of fortune. The use of 
lac in India has been common from 
the very earliest days ; it has always 
been prized for its bright red colour, 
and its name still survives as “ crimson 
lake/’ 

To very many people lac and 
shellac are merely words conveying 
little or no meaning. They know 
they are something to do with com- 
merce, but beyond that they are 
blissfully ignorant. The word “ lac ” 
is supposed to be derived from the 
Sanskrit lakrha (Hindi lakh), meaning 
“ a hundred thousand,’ * and was so 
applied to describe the myriads of 
minute lac insects which swarm like 
ants and settle upon trees, sucking 
their juices and exuding a white sub- 
stance of a cottony nature which 
covers the twigs of the trees upon 
which the insects have settled. By 
degrees this white colour assumes a 
reddish tint, and becomes thick, and 
forms in layers which are stripped 
off the twigs twice a year. This crop 
is known to the trade as “ sticklac.” 
The lifg history of these little insects 
is full of interest, but cannot be noted 
here bqyond mentioning that their 
products are of two kinds : (1) lac , 
which consists of a mixture of waxes 
and resinous substances; and (2) 
lac-dye, consisting of at least two 
dyestuffs which are concentrated in 
,the body and eggs of the insect. A 
careful analysis shows that thes<* 
littk insects are capattt§ of supplying 


all the Shellac requirements of the 
world for many years to come, if only 
a better and more intensive system 
of cultivation was adopted, despite 
the rapidly increasing foreign de- 
mands. 

None of the districts in India where 
lac is most extensively cultivated are 
in any sense of the term intensively 
worked, and consequently the amount 
produced annually is far below what 
it could be. Not only has the in- 
dustry dwindled owing to the apathy 
shown in its development, but the 
introduction of foreign substances, 
pollution and adulteration, have to a 
very large extent marred its pros- 
perity. Fifty years ago, owing to the 
introduction of vegetable and chemical 
substances, the genuine lac dye trade 
dwindled practically to nothing. Ex- 
ports from India in 1868-69 were 
valued at eight lacs of rupees ; ten 
years later they had decreased by 
one-half in volume, and in value to 
two lacs of rupees. Fortunately, 
however, the interest in the dye has 
been transferred to its resinously- 
produced lac, which is so extensively 
used for varnishes, polishes, electric 
requirements, gramophone records, 
etc. In 1889 the exports of lac dye 
had practically ceased, but the ex- 
port of manufactured lac, or shellac, 
which is lac manufactured in flake 
or “ shell ” form, were valued at 
nearly thirty-two lakhs of rupees. 
Ten years later these figures had in- 
creased to over seventy lakhs, and 
in 1908-09 the exports totalled nearly 
two and a half«crores of rupees. 

The war affected the industry both 
in value and direction. In 1912 the 
total exports were 254,000 cases, the 
then largest purchasers being the 
United States (111,000 cases), Ger- 
many and Austria (635,000 cases), 
and Great Britain (50,000 cases). 

During 1919 the total exports 
reached 205,000 cases, the United 
States being tha^largest, and Ger* 
many the smallest purchaser. The 
demand in both the Western world 
and America is on the increase. India 
practically holds the monopoly of the 


. genuine article, but India’s methods 1 
must be # modernised and brought up- 
to-date, and production must be in- 

c tensified and increased. 

c * r 

The. Report of the Indian Forests’ . 
Department for 1921, dealing vgith 
shellac, says : “ t The propagaW and 
collection of lac a¥e still primitive and 
uneconomic, matijifacture is useless, 
and adulteration rife. A wider kndw- 
ledge of scientific cultivation, and a 
closer organisation are necessary to 
establish the trade.” Given these, 
there is no reason why the lac in- 
dustry should not speedily be re- 
vived and become one of the greatest 
and most lucrative industries in 
India. , 

^Irrigation a Vital Problem 

One of the most vital questions 
affecting every country, and more 
particularly a country with a climate 
like India, is the water supply. One 
need not dwell upon this obvious fact, 
or debate at length upon the evil 
effects of an inadequate water supply. 
Suffice it to say that the world gener- 
ally is waking up to the fact that 
although scarcity and resultant famine 
has often caused untold misery and 
loss, very often m the very countries 
most afflicted by # these disasters, 
millions of tons ^of water have for 
centuries been going to waste. 

This truth having ‘once been real- 
ised, engineers got to work to devise 
means of conservingthe water supplies 
of the world, not only for the rdfcef of 
the people and cattle, or from agri- 
cultural reasons, but also because it 
has been found what a valuable power 
hitherto wasted can be harnessed to 
the* chariot wheels of commerce. 
In(fta has suffered untold^ misery in 
the past from fcater shortage, and 
her land has suffered more, in paucity 
of # crop$; failure of harvests, and bad 
condition of cattle, than probably 
any other inhabited . part of the 
w<jjld. * 

England, in the past, has done 
much for India* but possibly the most 
valuable, aqd lasting work she has 
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accomplished is to be found in the 
different irrigation schemes that are 

• no* in operation, or projected, prac- 
tically fr<Jm one end of the country 
4o the other. It is impossible to over- 
estimate the importance of agriculture 
in India, and its growth, with all that 
growth implies, is dependent upon the 
prqpperity and extension of the irriga- 
tion systefrf. Strong prejudices ex- 4 
isted against any attempt at irriga- 
tion, as, in fact, it still exists againsb 

• all new ideas, especially those im 
ported from the West, but India has 
at least learnt somefning of th^ in- 
calculable benefits to be derived as a • 

% result* of sC practical system of irriga- 
tion, and the old existing prejudice 
against )t maty be said to have died 
out. • • 

In 1919 the total Jcmgth ot main and 
br&nch canals and distributaries. from 
which irrigation work was carried 
out was ove^ 60,120 miles, and these 
channels irrigated an area of over 
twenty-five million acres out of a 
total area possible for cultivation of 
about fifty million acres. During the 
same year fifteen additional schemes 
were under constniction at an 
estimated cost of nearly 26 millions, 
and further plans for extension 
involving an expenditure of 36J 
millions are now before the country. 
Thus it will readily be seen that 
India, however slowly she may 
move in som<* things, is keenly 
alive to the priceless benefits of 
irrigation. 

In the Punjab alone, nearly nine 
million acres of land are . dependent 
for their water supply upon the 
systems of irrigation. Until the early 
eighties canal construction had been 
confined to the more populated parts 
of the Punjab, Dut later, attention 
began to be given to*the drier districts 
and # waste lands, and it is stated that 
during the last twenty-five years 
270*000 acres* h^ve been added an- 
nually to the ‘irrigated portions of 
the Province. At the present time 
over 15 oer cent, of the total cropped 
area is; irrigated by Government 
irrigation works, and great ha* been 
the financial cost of their works, jmt 
the estimated value of the crops yi a 
single yev is said tc^ exceed by more 
than 25 per cent, the total capital 
outlay expended, Ftom , Madras 
Presidency, Bombay, Bengal, and 
the United Provinces, in fact through- 
out the whole of India, come 
reports of activity and enterprise 
in the irrigation work, and stories 
of benefits already obtained there- 
from. * . . 
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The Pour Methods of Irri- 
gation ip India 

Irrigation in India is chiefly carried 
out in -one of four ways.. The first 
method consists of putting some form 
of barrage across a river whi<ih has a 
t perpetual flow throughout the year. 
By this method water can*be diverted 
through a cabal into the urea which 
it is desired to irrigate. The great 
perennial canals of Northern India 
are mostly constructed on this 
•method. A second method which 
prevails in the majority df the canals 
in Sind, bnd also in many of those in 
the South-West of the Punjab, con- 
sists in leading canals direct from the 
rivers into the desired areas without 
constructing any form of barrage. A 
third method consists of building a 
dam across a valley, and thus storing 
the monsoon rains, the water so im- 
prisoned being distributed by a sys- 
tem of canals to the neighbouring 
country. These reservoirs vary in 
size from the tiny ponds — or tanks — 
in small villages to vast works in the 
Western Ghauts, with dams of 
masonry up to 270 feet in height. 
The fourth method used is by lifting 
water from wells by means either of 
the old leathern bag hauled by 
bullocks or of more modern means 
by power-driven pumps. 

In allotting Government funds for 
irrigation purposes, all irrigation 
schemes are classified under one of 
three headings : (a) Productive, (b) 
Protective, (c) Minor Works. Before 
any one of the schemes can be classed 
under the first heading, it must give 
sufficient ground for believing that 
within ten years of completion the 
revenue derived from such a scheme 
will cover the annual interest charges 
upon the capital invested. The 
amount expended under this heading 
in 1918-19 as capital outlay amounted 
to 38.7 millions, exclusive of amounts 
spent upon canals used exclusively 
for navigation. The total receipts 
amounted to 5 millions, and expenses 
reached 2.75 millions, so the nett 
profit for the year amounted to 2.2 
millions, or about 5.7 per cent, upon 
the original outlay. Irrigation works 
classed under the heading of Pro- 
tective include works which are con- 
structed for the protection of pre- 
carious tracts, and which, though not 
directly remunerative, yet guard 
against the necessity for periodical 
expenditure or relieving the popula- 
tion in times of famine. 

Up to the end of 1918-19, the 
capital outlay on works of this de- 
scription amounted to £7,000,000. 
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The local receipts for the year, in- 
cluding land revenue due to irriga- 
tion, amounted to over £107, 000 ; 
and the total expenses, including in- 
terest, to £325,000, the net loss 
amounting to just over £218,000, or 
a loss of 3 per cent, upon the capital 
outlay. 

• Under the heading of Minor Works 
are included works not either directly 
productive or protective, but which, 
uyJuding agricultural works, are 
undertaken for the general improve- » 
iqent of the country. These result in 
an annttal profit of about £169,000. 
,By these systems of irrigation vast 
deserts have been turned into fertile 
lands, and Vusy peasants now till 
lands which j/reviously had lain un 
productive and waste. One such— - 
among th^ latest— project deserves 
special mention, viz., the great scheme 
known as the Krishnaraja-Sagara 
scheme, by means of which the sur- 
plus waters of the River Cauvery will 
be imprisoned and made available 
both for irrigation purposes and for 
hydro-electric power. 

Irrigating Half-a-Million 
Acres of Land 

An unfortunate dispute arose be- 
tween the Governments of Madras 
and Mysore, from a fear that the 
scheme might result in an inadequate 
supply of water for their lands which 
lie below the dam. This dispute has 
now been settled, and the work is 
progressing. The vastness of the 
scheme may be gauged from the fact 
that it will comprise a dam and a 
canal 78 miles long. When the dam 
is completed it will be 120 feet in 
height, and will store 41,000,000,000 
cubic feet of water, and form a lake 
over 40 miles in circumference and » 
cover nearly 30,000 acres. When the 
full height is completed, the water 
supply will be sufficient not only to 
meet all the demands for electric 
power, but will also provide irrigation 
for over half a million acres of laiyi 

The scheme necessitates submerging 
either partially or wholly about twenty 
villages with a population of over 
10,000 people, and it was of course 
necessary to provide homes for these 
people, and they have all* received 
adequate compensation, and have 
been settled in districts where houses 
have been erected for them on the 
plan of model villages. The great 
dam is to be built in two stages, the 
first stage consisting of 4,200 feet, 
though the foundations fof this have» 
Necessitated ^ 6/750 feet being laid. 
When compfefJRi; it is expected tfiat 




the dam will contain nearly 30,000,000 
cubic fcfct oP masonry. A number of 
sluices 12 feet by 6 feet have been 
built in the dam 12 feet Above the 
bed level, and by these means an 
adequate supply of water is supplied 
to the Madras territory. Long irriga- 
tion channels penetrate the Mysore 
territories, and many canals have also 
been made, or are in process of forma-* 
tiem. One of these canals in process 
of construction is to lx? taken across 
*• the Hulikere - Knrighatta hills ^y 
• means of a tunnel nearly two miles in 
length, After crossing these hills, t(je 
c&nal wilt extend about severity miles, 
and irrigate a large tract of country 
at present practically waterless. In 
addition to a weir, a «*aste weir is 
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also being made which will be 1,800 
feet long, and which is to conserve 
the excess water* of the monsoons, 
the overflow from these being di- 
verted to*fche river. The whole pro- 
ject is conceived on a great scale, and 
it is vety much to the credit of the 
local engineers that it is being rarried f 
out entirety by their own men with- 
out any loutside assistance. From • 
what has been jvriften, it will readily 
be seen that tlie old prejudices against 
new ideas, at any rate so far as irriga- 
tion is concerned, are things of the* 
past, and that the Indian agriculturist 
is now fully alive to the ben Aits to be 
derived from it. The effects upon the 
whole country, both as they influence 
crops and benefit the cattle, and also 


in the physica/ improvement upon the 
people, cannot be measured. ‘ The 
moral effects of /amine upon a people, * 
its disheartening and demoralising 
influences, play a very important part 
in the development pf a ♦country's 
industries and resources, and any 
means that can mitigate this evil and 
Ininimise its recurrence are valuable 
Adjuncts in thajj country's agricul- 
tural and industrial advancement. 

• It is a good augury, therefore, for 
‘the industrial fbture of India to know . 
that not only*are her peoples awaken- 
ing to the benefits of irrigation, but 
that the respective Governments are 
also acting* sympathetically in this as 
in other matters affecting the material • 
prosperity of the t countjry. # • 


Notes and Comments 


GAS PRODUCER PROGRESS 

In our May issue we printed an 
article on “ Modern Gas Producers/’ 
illustrating and giving a brief de- 
scription of the Kerpely mechanical 
gas producer. 

As is our rule, we gave the writer 
of the article a free hand to deal with 
the subject as he desired, but he 
would appear to have gone out of his 
way to belittle the progress in the 
development of mechanical producers 
in Great Britain as compared with 
America and the European Continent. 
It might be readily inferred from his 
remarks that the Kerpely mechanical 
gas producer is only of recent con- 
struction, whereas the Kerpely re- 
volving grate producer with mechani- 
cal ash discharge was actually first 
introduced into England in 1910, 
and was readily taken up by many 
of Die largest steel works. The 
mechanical feeds of Messrs. E. G. 
Appleby & Co. were first added to 
the Kerpely producer in 1912. If a 
comparison of these dates is made 
with t^e history of gas producer pro- 
gress in America and on the Continent, 
it will found that England was not 
behind, but well in front in develop- 
ments in this direction. 

* A A 

SUPER-MACADAM ROADS 
k About one hundred years ago thf 
British tbad engine*: wfacadam laid 


down the soundest principles upon 
which road surfaces should be formed. 
He advocated the use of small angular 
stones, none over a certain size, laid 
on a road and gradually rolled flat 
by the traffic. By this means he 
obtained a wonderfully firm well- 
drained road with excellent wearing 
qualities. In spite of the develop- 
ment of concrete roads, the macadam 
type is still in vogue, and it has re- 
ceived a new lease of life in this age 
of automobile traffic, through the use 
of a tar coating over each and every 
stone. This coating serves to bind 
the road together, and to make it dust- 
less and water-proof. Until lately the 
usual practice was to mix the material 
with tar by hand, but a British firm 
of road engineers has designed, with 
a view to efficient oj>eration on a 
large sade, a plant which first dries 
the materials and then thoroughly 
mixes them with tar. This plant is 
capable of turning out one hundred 
tons of treated material in a day of 
eight hours with a driver and a boy 
looking after the actual operation. 
The only additional labour required 
is in conveying the material to the 
receiving end and in taking it away 
from the discharging end. This 
plant, which is driven by a 15-h,p, 
portable engine, insists of an ele; 
vator, drying barrel, and automatic 
dipping gear. The engine which 
drives the plant also supplies steam 
for drying purposes. Semi-portable 


plants of the same kind are made to 
deal with twenty or with fifty tons 
per day, and a larger fixed plant of 
200 tons capacity has also been de- 
signed. Even the large plant, how- 
ever, is made so that it can be readily 
taken to pieces and put up again in 
order that it can he moved from 
quarry to quarry as required. 


RAILPLANE TRANSPORT 

Iu our next isuue we propose to 
describe the new method of rapid 
transport by zuepns of the patented 
George Bennie Railplane System. 
This method would appear to v>pen 
up very important possibilities in 
solving some of India’s most urgent 
transport problems. It dispenses 
with the use of a track laid on the 
ground, and is little* affected by the 
undulations of the country. The 
carriages being driven by means of 
air* propellers, enables an arrange- 
ment whereby faction is nadueed to 
a minimum % when running at speed. 
The carriage virtually becomes a 
cdhtrolled airship without the risks 
of a self -supported uebide, ’while re- 
taking thA capacity for very high 
speeds. 
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• (THK LIQUEFACTION Ot COAL) 

BY DAVID BROWNLIE 

B.SC. Hona. (Lond.l, F C.8.. A.M.I.Mtn.E.. M.m. Am. Hoc. M.K., A.I.Mach.F. , ..c? 


I T will hot bo without interest to 
include in this series of articles 
an account of the remarkable 
work now being undertaken 
with the object of converting 
cqal bodily into a liquid fuel of the 
nature of crude petroleum, chiefly by 
the absorption of hydrogen at high 
temperatures and pressures. This is, 
of course, not low temperature car- 
bonisation at all, but as one of the 
objects of the latter is the production 
of the maximum amount of oil from 
coal, the complete liquefaction of coal 
is certainly an analogous operation 
requiring the most careful considera- 
tion, particularly as it relates also to 
subsidiary treatment of low tempera- 
ture oils, and opens out the prospects 
of a complete revolution in the whole 
fuel question. • 

The pioneer this direction is l)r. 

T Bergius, of Nfcmnheim, in Ger- 
many About ten years ago Bergius 
commenced research work m con- 
nection with, the constitution of coal 
ariH the prodhwtion of an artificial 
coal* substance, following on the 
earlier work of various chemists, par- 
ticulady Stein and Klason. 

Bergius heated cellulose, p$jit, and 
similar vegetable products in auto- 
claves atabout 1,500 lb. pressurtfand 
640 deg. F. (340 deg. C.\, under tfbich 
2S cellulose, after about 12 

hours, was converted • into a^ black 

powder containing 84 per bent- car- 
bon, 5 per cent, hydrogen, and 11 -per 
cent oW,*with «»VV^iqn^ 
CO* It was found also tnat^tnis 
re artion obeyed the us^ ^enncal 
W. a rise of 60 deg. F. (10 deg. C.), 
doubling the rat$ of % reaction, so 


that the product from cellulose for 
54 hours at 51K) deg. 1*. (310 deg. C.) 
was the same as that for 8 hours at 
540 deg. F. (340 deg. C.). 

Bergius calculates therefore that 
average coal has taken 8,000,000 to 
10,000,000 years to form in the earth 
The earlier workers in this field could 
never get an artificial coal with iis 
high a percentage of hydrogen as 
real coal, but Bergius has had no 
difficulty in this respect, because he 
placed his high pressure autoclaves 
in water. The high thermal capacity 
of this medium enabled the heat 
evolved by the highly exothermic 
nature of the reaction in the auto- 
clave to be absorbed at once, and so 
prevented the formation of coke y 
excessive and uncontrolled internal 
temperatures. 

Bergius found the greatest diffi- 
culty, however, in raising the carbon 
content of his artificial coal over 
about 85 per cent., but by the use of 
incredible and dangerous pressures- - 
in some cases no less than 5, IKK) 
atmospheres (75,000 lb.) T a figure of 
88 per cent, was obtained in a number 
of cases, methane being then evolved 
as in the coal seam in the earth. 

It was in the progress of this work 
that Bergius discovered that his 
artificial coal would combine with 
hydrogen, and that by the action of 
the latter at very high pressures of 
gt)0 atmospheres (3,000 lb.) and tem- 
peratures of 840 deg. F. (450 deg. C.), 
a considerable volume of hydrogen 
*was absorbed, and the solid product 
converted into a thick liquid anala- 
gous to crude petroleum. He soon 
applied this reaction to red and 


found the same reaction took place, 
namely, that coal in a pulverised 
condition at high temperature and 
pressures absorbs a large amount of 
hydrogen, and is converted more or 
less into liquid substances with a 
much higher hydrogen content. 

The process was also applied on a 
commercial scale to the hydrogena- 
tion of oils, that is, converting heavy 
oils petroleum or otherwise-- into 
much lighter and more volatile oils by 
hydrogenation. It will be interesting 
to give a very short description of 
the large scale methods employed 
for oils at the works with which Dr, 
Bergius is associated, the Deutsche- 
Bergin A.G., at Rheinau, near Mann- 
heim, so as to understand better the 
position as regards the liquefaction 
of coal. 

The oil is first examined experi- 
mentally in the laboratory to find 
the best conditions for hydrogenation 
on a large scale. A small 6-litre steel 
autoclave is used, in which is placed 
a weighed amount of the oil, and 
hydrogen is then pumped in a£ any 
desired pressure and the autoclave 
sealed. It is then revolved at about 
50 revolutions per minute in a hori- 
zontal position, fixed to a rotating 
shaft, and heated by powerful gas 
jets. The pressure developed is enor- 
mous, often as high as 200 # atmos- 
pheres (3,0001b. per square inch), 
and the operation is conducted in a 
small heavy concrete chamber with 
all the controls electrical, and oper- 
ated at a great distance in case ol 
accidents. The whole » then allowed 
jto cool, the autoclave opened, anc 
the liquid product analysed, wbttsi 



I N D U ST 'R I A’ L 




»e***mor 

n_? -s 


» l 


Mi nrthffpw ^ 9 




Diagrammatic Vie* of Autoclava and Pump* 


the amount of residual hydrogen is 
also determined. 

The oil is then treated on a large 
scale, according to the same pro- 
portions that have been determined 
experimentally, in heavy steel auto- 
claves, generally with a capacity of 
l ton of oil per 24 hours. The con- 
struction of this autoclave, although 
many points are not clear, is obviously 
of the most ingenious character, being 
30 ft. long and 3 ft. internal diam- 
eter, having a replaceable steel liner 
with a special dephlegmator at one 
end, and provided also with an in- 
ternal mechanical agitator. The heat- 
ing of this autoclave, an extraordin- 
ary difficult problem, is by high 
pressure nitrogen gas at the required 
high temperature passed between the 
outer casing and the inner lining. 
The oil, heated also to a high tem- 
perature by the exit nitrogen in cods, 
after passing through the autoclave 
liner, is pumped continually into the 
autoclave at high pressure, together 
with hydrogen gas, the liquid con- 
tents being mechanically agitated. 
As the hydrogen is absorbed, the 
lighter and more volatile hydro- 
carbons formed escape into the de- 
phlegmator, whilst the heavier liquid 
residue in the autoclave is withdrawn 
continuously. In this way 60 tons 
of oil dan be treated in 24 hours in 
the pomplete installation without any 
trace of carbonisation or “ scaling " 
of the autoclave. The operation is 
carried out by distance electrical 
controls in a heavy building com- 
pletely isolated, and so far no serious 
accident h$s occurred. 

t 

As typical of the restto, a Mexican' 
crude oil with 6 per-cent volatile 


below 410 deg. F. (210 deg. C.) after 
one hour’s hydrogenation gave a 
product of 42 per cent, volatile under 
410 deg. F. (210 deg. C.), and a wide 
range of oils has been treated. It is 
obvious, therefore, that this remark- 
able process is of very great interest, 
if only because a large part of low 
temperature oils could thereby be 
converted into volatile hydrocarbons 
of the nature of motor spirit, and the 
necessity of a high yield of the latter, 
say 3-4 gallons per ton of coal, would 
therefore not be so important as is 
generally thought. 

With regard to the application of 
this method to the direct liquefaction 
of coal, the difficulties are much 
greater. Coal is of course a solid, 
and even when pulverised to a very 
fine degree, does not enter into any- 
thing like so intimate a contact with 
the hydrogen as a liquid like oil, so 
that a long time, 12-16 hours, is 
necessary for hydrogenation, even to 
the extent of say 60 per cent, of the 
coal. Also it is very difficult to con- 


trol the temperature and avoid the 
formation of coke products, because, 
as already pbintfd out, of the strorjgly 
exothermic charaeter of the«reaction. 
However, some of these difficulties* 
have been overcome in» the <raoct in- 
genious manner by pulverising the 
• coal and suspending it in heavy oil, 
so that the colloidal fuel mixture- is 
bfreulated with a high pressure pump 
like ordinary oil* 

•* The results oi a very lajje amount 
« of wort on these lines by Bergius is * 
that the most /avourable conditions 
for the hydrogenation of average coal 
•is 100 atmospheres (1,5001b. per 
square, inch) r and 750 deg*. F.* (400 ( 
deg. C.), so long as the percentage of 
carbon in the ccfal on f the •ash-ffee 
basis does not hcceed 85 per cent. 
Coals of the nature of high grade 
anthracite (over 86 per cent, carbon) 
do not absorb hydrogen* or only with 
the greatest difficulty, whilst charcoal 
(pure carbon) gives lfo reaction. 
Average coals, when treated at 750 
deg. F. (400 deg. C.) from 40-200 
atmospheres pressure, according to 
quality, form a complicated liquid 
which seems to be almost identical 
with crude petroleum, and which, in 
the same way, can be separated by 
fractional distillation into a wide 
range of organic compounds. The 
oxygen present in the coal forms a 
range of phenols, and it is stated that 
the whole of the nitrogen is con- 
verted into ammonia or ammonium 
compounds, and the sulphur into 
sulphuretted hydrogen. 

Whether the Bergius method for 
the hydrogenation of coal can ever 
be a commercial success remains to 
be seen, as of course the plant is 
costly, complicated, and dangerous, 
whilst the influence wear and tear, 
and, the effect of the ash, can only be 
told by experience. At any rate, the 
results already achieved are un- 
doubtedly ambngst the most remark- 
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iWe ever obtained by the technical 
chemist, and further progress is bound 
t? result. % • 

It would seem probable that a most 
likely development in the immediate 
future in the hydrogenation of coal 
is in the use of* catalytic agents to 
enable the reaction to go on at more 
teasonablj temperatures and press- 
ures^ Thus a somewhat similar pro- 
cess is carried out fh the “ hardening " 
of fats i% which hydrogen is gbsorlfed 
in the presence of catalysts, so as to 
increase the hydrogen content of the 
fat and alter its •properties with a 
viefv tq increasing Jh* commercial 
value. 9 

• It i? understood that something on 
these lines is being attempted by H. 
Magnus, of Freiberg, in Baden, in 
which pulverised* coal or lignite is 
passed continuously in the presence 
of hydrogen through a retort con- 
taining twp catalysts at quite moder- 
ate pressures and temperatures, with 
a large absorption of hydrogen, but 
no details of this process are available. 
The same applies to the “ Stein- 
schneider " process in Czecho-Slo- 
Vakia at Koningsfeld, which is sup- 
posed to be a distillation process at 
ordinary pressures, in which the 
large amount of liquid obtained is 
then further treated with hydrogen 
for additional absorption. 

Another interesting method sug- 
gested for tlfe hydrogenation of coal 


is to generate the hydrogen in the 
nascent stage in^an intimate contact 
with the coal, since, as is well-known 
to phemists, so-called .“nascent” 
elements (that is, immediately when 
formed) are more chemically re- 
active than when in the ordinary 
state. The chief workers in this field 
ate F. Fi&her and H. Schrader, whq 
use sodium formate. This salt, on 
heating to 680 deg* F. (360 deg. C.), 
generates hydrogen, and since the 
volatile matter of lignite begins to 
decompose at 610 deg. F, (320 deg. C.), 
their experiments have chiefly been 
carried out with the object of hydro- 
genating lignite. Thus an intimate** 
mixture of one part pulverised sodium 
formate and four parts of pulverised 
lignite is heated for three hours at 
750 deg. F. (400 deg. C.) at ordinary 
pressures in a current of steam, when 
23-27 per cent, of the lignite is con- 
verted into a liquid product. 

If this reaction is carried out at a 
very high pressure, 200 atmospheres, 
a larger yield is obtained, equal to 
about 44 per cent, of the weight of 
the lignite. It was found also that 
many factors alter the yield. Thus 
moisture in the coal plays an im- 
portant part, and variations in this 
respect alter the proportion of the 
liquid product soluble in ether from 
about 1J-10 per cent, without inter- 
fering very much with the total oil 
yield. In the same way the tempera- 
ture of the reaction effects the per- 
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centage soluble in ether, being, for 
example, about 28} per cent, soluble 
when at 660 deg. F, (350 deg, C.), 
45 per cent, at 750 deg, F. (400 deg. 
C.), and only 8.0 per cent, for 840 deg. 
F.’ (450 deg. C.)., 

It is a very interesting discovery 
in this connection that the percentage 
of ether soluble constituents depends 
also on the age or -rank of the Coal. 
Thus a given anthracite coal gives 
>about 1} per cent, soluble and a 
highly volatile coal 39 per cent/ 
, There is also considerable difference 
in thife respect between various lig- 
nites. 

An entirely different general method 
for the liquefaction of coal is by oxida- 
tion. Thus F. Fischer heats pulver- 
ised bituminous coal at 445 deg. F. 
(230 de£. C.) for 10 hours with a 
strongly alkaline solution, such as 
soda ash, in a current of compressed 
air or oxygen at 30 atmospheres, 
generally using iron or manganese 
salts as catalysts. Under tliis treat- 
ment the coal substance is almost 
entirely decomposed, and the volatile 
matter largely forms highly complex 
organic fatty acids which are dissolved 
in the alkaline solution, and a large 
amount of gas also results, apparently 
containing resinous materials anala- 
gous to turpentines. Further results 
in connection with the liquefaction of 
coal generally will be awaited with 
great interest. 


and Heat Treatment of Steels 

(' Continued from page 664) 


The . Structure 


and ductility. The means of attain- 
ing a good structure by heat-treatment 
alon^ will apparent from Fig. 4. 
Having heated the steel a£ove the 
critical temperature, it will be seen 
that there is a complete obliteration 
of the originally existing grain, and a 
progressive increase in the grain size 
of the resulting solution, depending 
on the rise in v temperature* • Th^ size 
of the grain thus formed is* not 
changed d«ribg the reverse qpoling, 
process. % 

For practical purposes it is gener- 
«Jfy necesa ary to heat forgings to a 
high temperature in order to facilitate 


work being done on them. This re- 
sults in the formation of a coarse grain 
unless precautions are taken to pre- 
vent such a structure. If, however, 
these grains are broken up due to 
some outside influence such as mech- 
anical work being done on the metal, 
for instance, hammering or rolling, and 
this action is kept up continually till 
such time as the temperature of the 
metal drops as near as possible to the 
critical zone, the result will be that 
we shall obtain a fine grained structure 
in the finished metal, the fineness of 
the grain being dependent on the/ 
amount of mechanical work put in 


and the close adjustment of the* finish- 
ing temperature. 

The physical properties of this fine 
grained metal are again affected by 
the degree of tempering performed 
upon it, and the two processes must 
be co-related if good results are to be 
obtained. (> 

If now the reader has been led so 
far into this most fascinating and 
important subject that his interest 
has been sufficiently aroused to in- 
duce him to probe yet further into 
the question on his own> account, tjje 
object of tips paper will have been 
served. ' ** r * 




A Portable Moulding Machine 


All illustrations in this article are by 
courtesy of Messrs. Macnab & Co., London 9 • 


F OR rapid repetition work in 
the foundry, the modern 
moulding machine has firmly* 
established itself, just as the 
• automatic tool has %stab- # 
lished itself in the machine shop. 

In this article we give a brief de- 
scription of one of the mafiy different 
types of the " Tabor " patent mould- 
ing machine, the functioning of which 
is clearly seen from the illustration. 
It is claimed with this macnine that 
any mould within its capacity can be 
jar rammed in aftout 30 seconds, and 
that the operations of jarring the 
mould, rolling the mould over, vi- 
brating and drawing the pattern 
ready for the next box, does not 
occupy more than two minutes. 
This claim gives a good idea of what 
a moulding machine means as a time- 
saver. 

This model is made in two standard 
sizes, as follows : — 


t • • 

• • 

Size ... in. • 18 24 

Straight pattern 
draw ... in. 8 10 

Size of moulding 

box ... fti. 18 >: 30x12 24x48x15 
Net weight of load t • 

which ran be 
• rolled over at 
80 lb nir pres- 
sure ... lb. 450 800 

This is an ideal moulding machine 
for general railway work castings, 
such as axle boxes, brake shoes, etc., 
and it is in successful use in the 
majority of the best known foundries 
in Great Britain, and machines have 
also been supplied to India and other 
countries. 

It is suitable for the economical 
production of practically all classes 
of castings within its capacity, such 
as castings for motors and dynamos, 
cisterns and brackets, electric fuse 
boxes, gratings, gearboxes, crank 
cases, cylinder castings, fly-wheels, 


#• 

exhaust manifolds* radiator tanks and 
similar t work, back axle ^castings, 
valves, and mjmy other classes of 
work too varied to enumerate. It is 
claimed tnat thert is scarcely a job 
Which cannot with a little planqpg, 
be economically produced on tins 
machine, provided the load is within 
its capacity. ^ * * • 

Ramming* £he Sand 

Its dominant feature is that the 
ramming is performed by a “ Shock- 
less operation, which, whilst ensur- 
ing the most efficient ramming of the 
sand, accomplishes this independently 
and without shock to the rest of the 
machine, the pattern board simply 
resting on the jarring table, and being 
held in position by means of twb 
dowel pins, thus facilitating rapid and 
easy change of patterns. 

With the actual mechanical opera- 
tions of the machine for each mould 
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only being two minutes, the question 
of production is therefore practically 
entirely dependent on foundry organ- 
isation and the facilities available for 
handling sand, and bringing the 
moulding boxes to the machine, • and 
taking away as soon* as completed, 
and the speedier the arrangements, 
naturally the greater the output. 

JThe machine # specially appeals to # 
foundrymen on account of its sim- 
plicity rendering it possible to be 
e operated by unskilled labour. Another 
great feature and advantage is its 
extreme flexibility, and b#xes df 
different sizes up to the specified load 
capacity of the machine (i.e., 450 lbs. # 
18 in. machine, 800 lbs. 2^ in. machine) 
can be handled by the«machine, such 
loads being calculated on the basis of 
even distribution over the area of the 
table. # 

In one foundry an output of 80 
boxes per day* is being obtained on 


one of the 18 in. machines, with three 
Great Eastern Railway chairs in a 
box, i.e., 258 castings, but, as already 
explained, this is such a speedy ma- 
chine that the output obtainable is 
practical y only limited by the organ- 
isation and facilities for handling 
boxes, etc. 

The firnj make many ortlier different 
models for dealing with castings 
weighing from Ounces up to 25 tons, 
and will lx? glad upon receipt 
of blue prints of heavier castings , 
to send particulars of other machines 
to any of our readers who »are 
interested. 

Methods of Manufacture 

In addition, Messrs. Macnab would 
be willing to offer advice in regard to 
the present methods of manufacture, 
if readers will advise them how their 
castings are at present being pro- 
duced. If they consider the present 


methods are the best, th*y itfiU say 
so, or otherwise submit a proposition 
covering their ^recommendations^ for # 
consideration. • * 

It should also be specially emphaa 
sised that the use of* this* machine 
is not restricted to any particular 

• §ize moulding box, and any size 
ljox can be used, provided fhe 
total load specified is nSf exceeded. 
The specified load is calculated on 
Ae basis of eyen distribution over 

# the atea of the table, and subject • 
to this reservation, larger or smaller 
boxgs rilav be'gsed on the machine 

•over a wide range. 

We# would* like to poinf out that « 
Messrs. Macnab & Co., of 50;58 
Eagle Street, London,* W.C.I., are 
the sole manufacturers under licence 
and suppliers ofc^these machines in 
India, and also sole suppliers a?nd 
actua’l manufacturers* for € Great 
Britain. 
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WAGON POOLING TO BE CONTINUED ON INDIAN RAILWAYS 


We heartily congratulate the mem- 
bers of the Indian 'Railways Confer- 
ence Association on their decision to 
continue the wagon pooling scheme 
for a further period. Although it is 
admitted that there are certain dis- 
advantages in the scheme, especially 
from the point of view of certain 
railways, such as the Bengal-Nagpur, 
the inherent advantages attaching to 
wagon pooling are so extensive as to 
warrant a continuance of the system 
that has been so productive of 


economy. Both from the standpoint 
of the trader and manufacturer, as 
well as that of the railway companies 
generally, the economies accruing 
from wagon pooling justify every 
effort to retain this method of work- 
ing, and it is to be noted in this con- 
nection that in other countries, having 
a much larger wagon stock than that 
in India, wagon pooling has been 
held to lx? distinctly beneficial. Under 
existing circumstances in India, where 
there is an admitted shortage of 


wagon stock, it is difficult to under- 
stand any objection # to continuance, 
but that objection, strong objection, 
has been made, is obvious from the 
President's remarks at the Railway 
Conference. In our opinion, it may 
just as well* be said now, as later, that 
the trading community demand the 
continuance of this system of work- 
ing, as it is impossible to tolerate the 
old-time method, # which deprived 
many traders of their legitimate 
transport demands being met. 
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RAILWAY ELECTRIFICATION IN INDIA 


The news that the Indian Govern- 
ment have sanctioned the electrifica- 
tion of part of Bombay's suburban 
railways is of considerable interest, 
as the vital need for an expansion of 
the transportation facilities in that 
congested area has long been mani- 
fest. The sanction applies to the 
lines of tfee Great Indian Peninsula 
c Railway, and the section to be electrfc 

fie<[ indudes the lipo^ running from 
0 


Victoria Terminus to Thana, and the 
harbour brandi which reaches Kewri 
through Sewri. It is probable that 
the development of this scheme of 
electrification will impel the BombSy- 
Baroda and Central India Railway to 
arrange a similar ^Cheme, and in tha$ 
event Bombay will be admirably 
served by its suburban lines. The 
many great advantages of electrifica- 
tion are now being increasingly recog- 


nised where the traffic conditions call 
for* the more effective provision of 
facilities, as it Yfas well be£n proved 
as a result o% experience, that it is in 
the long* run cheaper t# electrify than 
t<5 continue an indefinite expansion 
of {rack facilities suah as that called 
founder steam working when track 
capadty is reached. The Bombay 
scheme and its fuller development 
will be watched throlighout India. 
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•Mpdern • Methods of Rivet and Screw 1 Production 

By B. HERBERT LYNALL , 


* All ittustralidte in this arficle are by 
courtesy of Messrs, yernon Proctor & Co. 


A SrIEF glancf at the British > 
Board of Tgrade export fig- 
ured should interest any one 
t contemplating 9 the manu-* 

* facture of nvets, screws, 
bolts and nuts, etc., in India. 

The huge quantities of these goods 
exported annually ffoin Great Britain, 
exclusive of siniilg# goods imported 
fr5m Americg. and Japan, would go 
to prctfe that an excellent oppor- 
tunity awatys the enterprising firm 
who will consider the installation of 
a modern plant. 


A great deterrent in the past has 
been the fact that raw material has 
by necessity been imported, but with 
the growth of the steel industry 
in India, this difficulty is likely, 
in the near future, to be entirely 
obviated. 


Wire rods will no doubt be produced 
in India, and the next step is the 
manufacture of bright drawn wire. 
To deviate temporarily from the sub- 
ject in hand, it might also be noted 
that an equally valuable opportunity 
is presented in the manufacture of 
wire. Bright drawn wire* has innum- 
erable commercial uses, and in a 
country whose industrial develop 
ments are growing, a secure business 
footing is assured to the firm which 
commences to draw wire from Indian 
material. The basic material obtain- 
able is of very# excellent quality, and 
with modern plant ami methods an 
immediate marj^t would be assured. 


Rivet and Screw Production 

• Machines, etc. 

. • • 

The aim of modern consy-uctors 
has been to combine simplicity in 
detail with high productive capacity. 
In most constructions, safety devices 
have been embodfed which render 
them easily operated* by ordinary 
mechanics, a*d up-to-date ‘manujae- 
turers have information to give •re- 
garding* toolihf, the clags of ste^l to 
be used for same, heat treatm^its, 
etc. This information, being avail- 
ably to buyers # of plant, enables them 
tq commence * pjoduction # with the 


elimination of the mistakes usually 
made when dealing with unfamiliar 
wofrk. • 

We propose in this article only to 
deal with the machinery for producing 
rivets, screws, etc., by the cold pro- 
cess, as* it is obvious that hot process 
machinery requires treating in a 
separate article, the respective meth- 
ods being entirely apart. 

The greatest development in rivet 
and screw production has been 
achieved in comparatively recent 
years, and it may be stated that up 
to a certain point the progress was 
slow on account of the prejudice 
existing against a “ cold worked " 
product. 

The economical limit of the “ cold 
process ” is up to £ in. diameter, after 
which the “ hot process " becomes 
operative, as beyond this size rolled 
bar material can be used. 

Cold Heading Machines 
for Rivet Making 

These machines can be divided 
into two classes, namely, solid die 
type and open die type. The former 
type of machine, as illustrated in 
Fig. I, is necessary for the production 
of “ snap ** head rivets or rivets 
which require to be perfectly smooth 


uliderneath the head, and where fins^ 
would be objectionable. 

The fifrawn wire of suitable ductility 
*is passed through straighteners to the 
feed rolls, and automatically fed into 
the machine/ when the desired length 
is cut off by fheans of a cutter knife 
actuated by a cross slide. A spring 
finger hoVls the cut-off blank in 
position against the recess in the 
cutter knife, which , advances and 
transfers the cut-off blank to a point 
in line with the heading die. The 
heading slide then moves forward, 
and the punch enters the blank into 
the die, the cut-off knife and spring 
fingers receding to give full move- 
ment to the advancing punch. The 
punch completes its forward move- 
ment, and the head is formed. With 
the receding of the punch slide, the 
headed rivet is ejected from the die 
by means of a cam-actuated knock-out 
plunger. During the ejection of the 
rivet another blank is being fed to the 
desired length and cut off, the cycle 
of operations being continued. 

This machine attains a speed of 
200 per minute on £ in. wire, to 120- 
per minute on £ in. wire. 

In general practice the limit of a 
solid die machine is its power to 
eject the headed rivet, and it is. 




generally accepted that the length 
of shank should not exceed eight 
times the diameter of the wire. Any 
departure from this rule puts an 
undue strain upon the knock-out pin, 
and difficulties are likely to be ex- 
perienced, but up to eight times the 
diameter of the wire the ejection is 
performed with a smooth action, 
and the wear upon the die is very 
slight. 


The open die machine, as its name 
implies, is a machine having the 
heading die in two halves, and is 
applicable to work where the fin 
caused by the split dies is not ob- 
jectionable. The dies are actuated 
by toggle mechanism, and the wire, 
being fed between the dies by means 
of feed roils, the toggles cause them 
to grip the wire. The heading dies 
in this case also serve as a cut-off, 



and, moving sideways 
ing line, the blank is> cut; off and 
moved into* portion in line with t the • 
advancing heading punch. When the 
action of heading has been performed* 
the dies again move sideways* and 
are slightly opened, and the advancing 

• wire then ejects tie finished rivet or 

fieaded blank. ‘ • 

9 It will be at dhce apparent that 
ejection is no difficulty in this case, 
and consequently the operating speed 

# of the machinf is slightly higher, but • 

owing to the djes having to perform 
the gut off of th% blank, the depth of 
•the dies is Jhe limit of the length of 
shank. # * # , 

It will be understood that in tJhe 
case of the solid ^ie the lengtn of the 
shank can be vatied up to its full 
•# 



Pi*. 3 Triple Stroke 
Solid Die Header t 


capacity. The only limitations re- 
garding length of work to be handled 
in an open* die machine are such 
mechanical limits as feeding, and the 
stroke of the heading slide. Except 
in special cases, heading machine 
makers have standard sizes which 
cover the lengths generally in com- 
mercial use relative to the diameter 
of the shank. * « 

The type of 'machine in general use 
for rivet work is tkf single blbw 
header, as the standard rivets dome 
within the heading limit of a single 
blow machine, the amount ofc stock 
possible to upset witli a singlfe blow 
being generally recognised as two and 
a half times the diameter p of the 
wire.® 

A company in whose products the 
author is interested, is about to put 
on pie mhrket a machine which has 
many novel features which ^recom- 
c mencj themsefves to firtatf who require 
a n^chine to cover a large range of 
work. This heading machine fos, for 
its qualifications the merit of being, 
an open and solid dje Wdercapable^ 
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Pig. 5. Gfttco ThreacLBoHIng 
Machine. Type 5 * 

of being ifced for single, double, or 
triple blow work, and it will be seen 
that this machine will handle a range 
of work requiring six headers of 
ordinary type. When using this 
Reader for open die work, the range 
of its utility is considerably increased 
by reason of the fact that all lengths 
can be made in one pair of open dies. 
This is explained by the fact that the 
blank is cut off and transferred to 
the dies, as with a solid die machine, 
a positive knock-out plunger acting 
between the dies. 

Double and Triple Blow 
Headers 

It has been mentioned that a single 
stroke heading machine is capable of 
upsetting only two and a half times 
the diameter of Vire, and this type 
of machine isapraetically limited to 
rivet work, but .when, some years 
ago, machines were designed to give 
r tvtto and thrde blows rf the range of 
cold heading was immediately en- 
larged. •'* 

With two blows four and a half 
diameters can upset, while a 
triple*blow header increases the limit 
to six to eight diameters. This can 
be taken as the extreme limit o{ cold 
heading, and up to this point f duc- 
tility o& the mater^l must be assured 
in order to produce good results. 

Successful and uniform heading 
with these tflachines depends largely 
upon the pip-shaping blows, in order 
that the final blow given to the*stock 
does not have a deleterious Effect 
upon the material. When the stock 
Shaft ^n eprre^ gathered or coned, 


the finished head or upsetting will 
show a regular flow with the material 
evenly distributed. 

The making of blanks for hexagon 
and tup square screws requires careful 
tooling, but by adhering to the simple 
rules governing this clas^ of work, 
standardisation in tooling can be 
effected 4 . * 

• > . , 

While not in^general use, tlye triple 

blow machine give* more latitude on 
account of the extra opportunity 
given for pre-shaping. In this case 
the final blow , is not excessive, and 
a®moip even production is obtained, 
which, in the author’s opinion, more 
than discounts the slightly lower pro* 
duction rate. The triple blow header 
is preferable, therefore, when large 
upsettings have to be made. The 
double and triple blow machines 
(either open or solid die type) are 
operated as in the case of single blow 
headers, but gearing effects the neces- 
sary timing of the cut off relative to 
the feed, etc., and a punch lifting 
mechanism gives the necessary move- 
ment to the punch slide. 

Fig. 3 gives a side view of a solid 
die triple blow machine, and this has 
the same appearance as a double blow 
header, the only difference being in 
the gearing, the punch slide, and cams 
operating same. 

Hexagon and square-headed screw 
blanks are first forged with a round 
head, a secondary operation being 
necessary for trimming. This opera- 
tion is performed by an automatic 
trimmer of single or double blow type, 
an example of the latter being given 
in Fig. 4. The headed blanks are 
placed in the hopper of the trimming 
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Pig. 6. Aromatic Shoving 
ond Slotting Mochino 
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machine, which, by means of an ele- 
vating pick-up blade and feeding 
fingers, conveys the blank to the 
trimming die. The slide holding the 
trimming punch then advances, and 
the headed blank is clipped to the 
desired shape. 

Thread Rolling Machines 

The thread rolled screw is growing 
rapidly in favour, and for many 
classes of work is displacing the more 
expensive automatic screw machine- 
produced article. From the point 
of rapid production alone, the rolled 
thread commends itself, but it is 
worth while recording that repeated 
tests have shown that the rolled 
thread possesses about 15 per cent, 
greater tensile strength than screws 
made with automatic screw machines. 
In the case of screws made with the 
latter type of machine, the structure 
of the material is broken, whereas the 
thread on the thread rolled screw is 
produced by an operation similar to 
cold swaging, and the crystal structure 
of the material is not broken, abut a 
compressing action takes place. When 
compared with a screw turned from 
bar material, the strength of a roUed 
thread is even more pronounced, as 
in this case the thread is actually cut 
upon the core of the material, which 
is, of course, the poorest quality. 

Thread rolling machines are ob- 
tainable for both hand feeding and 
for feeding automatically, the latter 
process naturally being much faster. 
One operator can attend to six auto- 
matically fed machines, #hich requift 
• very littl^ *supervision other ^than 




and packing bench, where they are 
placed in packets ready for ware- 
housing. # * 

The wood screw trade should com* 
mand the attention* of manufdbturers 
who contemplate entering the screw • 
trade, as there exists in India A ever- 
growing market for these articles, and 
the raw material which is being pro- 
dy<| ed in India is eminently suited t Q 
this class of work. • # 

# ColdiPre88ecf Nut Machines 

* As in the ca& of rivet, and sarew 
manu^ictifre, the'jconoqjucal limit of 
c$ld pressed nut making is J in., 
and up to tl&frsize the cold* process 
machine* as shown in Fig. 8, will 
produce good quality articles with 
rapid economy. % machine shown 
in the illustration is a double blow 
toggle acting maclfifie, which has ^ 
great advantage over single acting 
machines for this purpose. • 


the feeding of the blanks into the 
hopper. 

In .operation, the blanks are placed 
in the hopper of the machine in which 
an elevating pick-up blade is working, 
which takes up the blanks by their 
heads and lifts them to a point in line 
with the feeding chute, when the 
blanks fall by their own gravity down 
the chute to be fed between the 
threading dies. 

The Bofors machine (Fig. 5) has an 
ingenious method of checking the 
blanks in their movement down the 
feeding chute. The blanks are held 
by a checking finger which allows 
them to fall one by one to a point 
further down the chute, where each 
single blank is checked a second time. 
With the next forward motion of the 
reciprocating slide, this blank is 
allowed to drop to the bottom of the 
chute, where it is positively entered 
between feeding fingers. These fingers 
lightly grip the shank of the screw 
blank, which is then carried to the 
threading dies in a perfectly upright 
position. 

Thiif machine makes the operation 
as mechanically perfect as it is 
possible to obtain, and the chance 
of mishap to the dies on account of 
two blanks being fed at the same 
time is rtitjrely eliminated. 

Wood Screw Machines 

Special attention must be called at 
this point to the enormous quantity 
of wood screws which are imported 
into India, and were a firm to equip 
themselves for supplying the whole 
demand of the country, they would 
need a plant which •vyould cost i 

• \ 


many hundred thousand pounds. The 
author emphasises this fact in order 
to point out where the most important 
opportunity for Indian manufacturers 
lies. In order to obtain a thoroughly 
balanced plant for making wood 
screws, a production of at least 80 
gross per hour should be aimed at, 
as up to this point the production 
from the various machines does not 
balance, and the labour employed is 
not absorbed to its fullest economic 
capacity. It is very necessary also 
that the plant should be well laid out, 
and auxiliary machines for drying and 
cleaning the screws, etc., as well as 
the arrangements for counting and 
packing, should be carried out accord- 
ing to the instructions supplied by 
the makers of wood screw machinery. 

The first step in the making of 
wood screws is the heading of the 
blank, which is performed by an open 
die heading machine (Fig. 2). In 
this case the fin caused by the opening 
of the dies is not objectionable, as a 
subsequent operation shaves the head 
clean of all fins and burrs, etc. The 
headed blanks are placed in the 
hopper of an automatic shaving and 
slotting machine (Fig. 6), which 
shaves the head and puts the slot 
in same, and the blanks from this 
machine are then taken to the thread- 
ing and pointing machine (Fig. 7), 
which automatically feeds and points 
the end of the blank and cuts the 
thread upon it. 

These two machit^are fully auto- 
matic, and one operator is able to 
attend to a large number. After being 
r thus treated, the screws are cleaned, 
dried, and then taken to the sorting 


The stock is passed through straight- 
ening rolls and pierced, the blank 
being then cut off, chamfered, trimmed 
and ejected from the machine. The 
main feature in these machines is the 
very efficient way of trimming the 
lateral faces of the nut. This is not 
accomplished by merely cutting off 
the waste material, but is performed 
by a combination of pressing and 
burring which produces a nut with 
a perfect finish, smooth faces, and 
full sharp comers, the blank being 
produced ready for the dipping opera- 
tion. 

The output of this type of machine 
is from 70 per minute for 5/10 in. 
nuts to 45 per minute for \ in. 

In the foregoing the writer has 
endeavoured to outline briefly ma- 
chines of modem instruction now 
in use. It is, of cou^e, difficult to 
treat the whole subject of rivet and 
screw production fully in one article, 
as the subject is a very .wide one, bjut 
if an opportunity is pregented at a 
later date, it may be possible to give 
an article dealing with *the technical 
and physical side of the subject, when 
the result of many interesting^ tests 
would be shown. • « « 

If thc*reader of this article is inter- 
ested* sufficiently to make further 
enquiries regarding the possibility of 
manufacturing riuets, screvfs* bolts 
and nuts, in Ipdia, the best advice 
offered is^that they should put them- 
selves in *the hands of ffrst-class and 
substantial makers of thi% machinery, 
as onfy such firms are able to give the 
purdfaser the full advantage of their 
many years’ varied experience in the 
development of this trade. 
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The Structure and Heat Treatment -of Steels ' 

a 

By R. C. CASE, A.M.tfC.E. * 

, • (Indian State Railways) 

•• ** * 

* # 

A simple explanation of the ihat'n principles involved in 
the* application of the more or less complicated heater eating 
processes which are rapidly becotping everyday practice, 


* 0 much has been said and 

fritter regarding the struc- 
i ^ and hegt treatment of 
K-J steels, that # it is difficult for 
* the ordinals engineer to get 
an intelligibly idea of the subject. 
The majority of the most recent 
publications pn the subject deal with 
it in such a detailed and highly tech- 
nical manner, that men equipped 
with an average degree of engineering 
training either cannot understand the 
technicalities, or find the details of 
insufficient practical importance to 
be worth bothering about. The 
subject is necessarily a very highly 
specialised one, and it is hardly to 
be expected that the average engineer 
should be able to appreciate many of 
the technicalities involved. His at- 
tention is required in the considera- 
tion of many other equally important 
problems. 

On the other hand, it is highly de- 
sirable that the practising engineer 
should understand the main ‘ princi- 
ples involved in the application of 
the more or less ^complicated heat- 
treating processes # which are rapidly 
becoming everjAlav practice. Un- 
fortunately there are very few schools 
and colleges which include stich sub- 
jects in their engineering syllabuses, 
an4 it is genefally left to the engineer 
to pjpk up whdt he can about the 
subject from experience, and from 
miscellaneous literature to which he 
has ac^ss, argl^to Secure satisfactory 
results by following carefully the 
instructions for treatment which 
steel-makers often issue with their 
products* . 

It will be the purpose of this article 
to present in as straightforward a 
manner as possible such aspects of the 
principles of £hj subject as will be* of 
interest and help to the practising 
engineer who has neither the timfr or 
the opportunity to study the matter 
more deeply . Y 


It will be advisable to review some 
of the more important matters con- 
cerned with alloys in general before 
proceeding further, in order that we 
may have a perfectly clear general 
idea of the subject in our minds 
before taking up the particular com- 
plicated constnictions and variations 
met with in the series of iron and 
carbon alloys which ire considered in 
this paper. 

General Considerations 

There are very few of the pure 
metals which, unalloyed, are physic- 
ally suited for employment in engin- 
eering construction. Consequently, 
they are blended with various in- 
gredients with the object of enhancing 
the properties of one or any of the 
constituents in the resulting alloy. 
The manner in which these ingredients 
mix together is very variable, and it 
is possible with suitable proportions 
and suitable heat-treatment to vary 
the properties of the alloys within 
very wide limits. 

In the first place, the constituents 
of an alloy may be found to be 
associated in a state of purely 
mechanical mixture, and although 
existing in a coherent mass, may be 
made up of particles entirely dis- 
similar. The strength of such an alloy 
may be varied by altering the degree 
of fineness in the aggregate, the shape 
of the particles aggregated, the nature 
of the binding medium, and so on. 

At the other end of the scale we 
may have such an intimate connection 
between the constituents of the alloy, 
that they become chemically com- 
bined to form what may be considered 
as an entirely different substance, and 
one that may possess entirely different 
^properties to any of the original con- 
stituents. 

Between these two extremes there 
come the more usual cases in metallic 


alloys, where there is only a partial 
loss of the individual properties of 
the original ’Constituents, although 
these constituents may be mutually 
blended together to an extent which 
defies visual detection. Chemical 
combination may have taken place 
to a greater or less extent, depending 
on the substances alloyed, conditions 
of temperature, and other factors. 

Where such partial chemical union 
and loss of individuality takes place, 
we refer to the mixture as being in a 
“ solid solution." The properties of 
such solutions compared with the 
properties of the original constituents 
depend to a large extent upon the 
degree of solubility, which may range 
between the two extremes noted 
above of “ mechanical mixture " and 
41 chemical combination." Examples 
of such cases are to be found in all 
the alloys in common use, such as 
the brasses, white-metals and steels. 

It must be understood that the 
fact that the constituents of an alloy 
are perfectly miscible in the molten 
condition is no criterion that this will 
be the case after solidification, while 
even after solidification the degree of 
miscibility may be considerably 
affected by conditions of temperature. 
This matter has a most important 
bearing on the treatment of steels, 
as will be explained later. 

In addition to the variationsj out- 
lined above, we may get allotropic 
modifications in the ingredients of 
alloys which will have a pronounced 
effect upon their mutual solubility, 
Allotropy has been defined ,as “ a 
change in the properties of an element 
without a change of state." Such 
change is habitually accompanied by 
a change of internal energy, and is 
attributed to a molecular rearrange- 
ment of the atoms in the molecules 
of the substance concerned. Carbon, 
for instance, as is generally known, J 
Aian exist in allotropic modifications 

* Lift .. ... 




Fig. 1. RooMboom Diagram for tha 
Solubility of Iron-Carbon Alloy* 


as carbon, graphite and diamond. 
The change of internal energy accom- 
panying such transformations is fairly 
easily demonstrable, and such changes 
are indicated in the Roozeboom dia- 
gram for the solidification of iron- 
carbon alloys which is shown in 
Fig. 1. 

The structure of metals is crystalline 
and the formation of these crystals on 
solidification is analogous with the 
formation of crystals from ordinary 
solutions of salts. This analogy has 
led to the formulation of what is 
known as the 44 solution theory," and, 
for the purposes of this paper, this 
theory has been chosen from the 
number of theories available as being 
sufficiently probable, and also as 
being comparatively easy to under- 
stand. This theory will help us to 
understand the process of 44 selective 
crystallisation " or 44 freezing ” re- 
ferred to below. It is on the size of 
the crystals and their degree of co- 
hesion along their boundaries that 
the strength of steels and other alloys 
depend to a considerable extent. 

Homogeneity in the mass of an 
alloy will be secured by diffusion. 
The rate of diffusion of the constit- 
uents qf an alloy will be retarded as 
the temperature drops, and in the 
case where 41 selective freezing " takes 
place, such selection will take place 
over a range of temperature, depend- 
ing on composition and other vari- 
ables, as indicated in Fig. I by the 
dotted line AB. The temperature 
t range lying between 1,000 deg. to 
600 deg. C, will be that through which* 


this “ selective freezing ” takes place 
in the case of a steel containing about 
1.6 per cent, of carbon. 

It follows, then, that changes 
in the rate of cooling over such 
temperature ranges may effect ma- 
terial changes in the composition of 
the resultant alloy. Such effects 
may be compared with the sorting 
out of a number of men in a crowded 
room into, say, two different parties. 
Up to a certain limit of time such a 
separation could be effected without 
the slightest confusion or inaccuracy, 
but should the time factor be cut 
down unduly, individuals of the 
crowd will be jostled out of their 
places, and it may even be impossible 
to separate out the different parties 
completely. The degree of jostling 
and entanglement of the two parties 
will depend on the time available for 
their separation. In the heat treat- 
ment of steel, full advantage is taken 
of the possibility of either assisting or 
retarding this selective process. 

The Iron-Carbon Alloys 

In commencing a more detailed 
consideration of the iron-carbon series 
of alloys, it must not be forgotten that 
chemically pure iron is never found 
in commercial life ; it is essentially 
a product for the research worker. 
But we get iron alloyed with various 
elements, by far the most important 
of Which is carbon^ Other elements 
will, of course, affect the properties* 
of the resultant alloy, but we can 
ignore their effects for the present. 
We want to get at the underlying 


principles of the case by the shortest 
possible route. ... # 

For the purposes of this examina- * 
tion, steel will J>e consulted a 
simple binary alloy of iron and carbon. 
Solubility will be consMere^ a\beinjf 
complete in the liquid state, and 
partial in the solid. The formation 
9 ef a “ eutectoid " alloy, which t^rm 
«k explained below, marlgs, the print 
limiting solid solubility, and between 
this point and the liquid condition, 

* 7 selective freezing ” may^kake place. # 

• Within the limits of this selective 
freezing, homogeneity ‘of structure 
may be produced through diffusion, 
•but’ beyond ^he limits of, solubility 
there will be found a eutectoid alloy • 
associated with the allgy fcymed, in 
the primary crystallisation stages. 
The alloy formeafti the primary stages 
will be a saturate solid solution of 
either component of the alloy satur- 
ated with the other* while the 
eutectic will be a solution of a fixed 
composition made up of the two 
components of the alloy each satur- 
ated with the other. 

Iron, combined with carbon, forms 
a compound called by metallurgists 
cementite, which is often referred* to 
by chemists as iron carbide, and given 
the formula FesC. It is also referred 
to sometimes as combined carbon, to 
differentiate it from uncombined car- 
bon or graphite, in which state carbon 
is found mechanically associated with 
cast iron. Cementite is the hardest 
constituent of steel, and contains 
6.67 per cent, of carbon. It is very 
brittle, and quite the opposite in 
properties to rerrite, or pure iron, 
which is relatively soft and ductile, 
with a tensile strength of about 
23 tons per square inch. 

Before we can fully appreciate the 
points illustrated hr the Roozeboom 
diagram (see Fig. 1), it must be under- 
stood that in alloys there is a certain 
mixture of the constituents contain- 
ing the 44 eutectoid ”* proportions, 
which will give the lowest solidifying 
point from the molten state ot aU 
mixtures of these particular con- 
stituents. In addition* it wifi be as 
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*•_ Coding Carvt 
lor o Salt Solution 


well to illustrate 3 pme of *the 3 more 
striking phenomena connected ‘with 
the fomtation of allo^? oy qpnsider- 
ing the analogous case of a salt 

sdlutioV • • 

• 

It is easy to demonstrate that if a 
salt solution is sufficiently lowered in 
temperature, ice will form at first if 
the iyxtur# does not exceed 23.5 
per cent, of salt. This separation of 
water will increase the percentage of 
salt until at last the concentration is 
such that the eryohydrate composition 
or “ eutectoid " point is reached, 
when the whole mixture freezes solid. 
The reverse applies if the original 
solution contains more than the 
eutectoid proportions of 23.5 per 
cent, salt, in which case the salt will 
begin to crystallise first. The super- 
saturated salt solution is referred to 
as a “ hyper-eutectoid " solution, 
and the undej-saturated solution is 
referred Jto as a “ hypo-eutectoid " 
solution. 

An iron and carbon alloy in the 
eutectoid proportions is called pearl- 
ite, and contains 0.89 per cent*, carbon. 
From what has been said regarding 
salt solutions, it will be seen that 
eutectoid steels fnight be expected 
to be made up entirely of pearlite, 
hypo-eutectoid steels of crystals of 
ferrite embedded in the eutectic 
pearlite, whild hyper-eutectic steels 
would be made up of ’’cementite em- 
bedded in the eutectic pearlite. 
Broidly speaking, this is what ac- 
tually occurs. The diagram (Fig. 2) 
will serve as | cdhvenient reference 
in this*direct?on. 

Returning to our salt solution, 
suppose, we subjected the solution 
to an ^aen degre^ of cooling, and 
plotted the temperature/composition 
curve for the solution, ^e should get 
a curve similar to that shown, in 
Fig, 8. At 0 deg. C, with a hft>o- 
eutectoid solution, tbejje would be 
a retardation in the rate of coaling 
due. to the evolution of latent heat 
given out duripg change of state of 
fhe water into we. If ^ continue 


the cooling and plot the positions- 
where these changes in the rate of 
cooling take plate, we shall event- 
ual^ find the point E where at a 
temperature of —22 deg. C., the 
eryohydrate proportions are, reached, 
and the solution solidifies as a whole. 
Should the cooling be continued 
further still, the whole mass will cool 
down at an even rate. Very similar* 
effects can be 'observed by taking 
pyrometer readings of the changes 
which take place in the cooling of 
steels. 

Tile Roozeboom Diagram 

We will now return to our con-* 
sideration of the Roozeboom diagram. 
From ( the data given along the 
abscissa of the curve, we see that for 
every 1 per cent, of carbon, 15 per 
cent, of cementite (FeaC) is formed. 
The series of mixtures containing 
over 2 per cent, carbon on the right 
side of the diagram are not of prac- 
tical interest to us, as such mixtures 
can hardly be considered as steels in 
practice. We can then confine our 
attention to the left side of the 
diagram. 

Taking the more obvious points 
illustrated in the diagram first of all, 
we find that, from the temperature 
scale along the ordinate, the melting 
point of pure iron is 1,505 deg. C. 
The temperatures 900, 760 and 690 
deg. C. mark points of retardation 
in the cooling of the metal at which 
the iron is considered as being in the 
allotropic modifications generally re- 
ferred to as “ Gamma," “ Beta," and 
“ Alpha " respectively. With these 


modifications we ore jiot concerned 
at present. The point at 6&0 d$g. C. 
is often referred to as the 41 necales- 
ence point 11 of the metal, and is the 
point where the most marked change 
in > the rate <jf cooling takes place. 
This point marks* the solidifying point 
of the eutectic pearlite. 

Austenite is a solid, solution of FeaC 
in Gamma iron, in which the FeaC 
may be held in solid solution up to 
30 per cent, at 1,130 deg. C., the 
t>oint marked S, but from this pointy 
selective decomposition takes place, 
along >the line PS, in a manner 
analogous to our salt solution, and 
there will be a primary settling out 
of excess cementite. With austenite 
of a composition below 0.9 per cent, 
of carbon, decomposition will occur 
somewhere along the line GOP, the 
ferrite settling out from the austen- 
ite according to the proportions of 
the alloy ; these changes will be com- 
pleted on reaching the eutectic tem- 
perature at P. 

Should the alloy contain 0.9 per 
cent, carbon, no change in the austen- 
ite will occur until the point P is 
reached, when the cementite and 
ferrite will separate out simultan- 
eously, forming pearlite. Should the 
conditions of cooling be favourable, 
there will be a certain degree of 
coalescence between the ferrite and 
cementite formations, resulting in the 
lamellar structure readily recognisable 
in micro-photographs of such struc- 
tures. These lamella consist of ex- 
ceedingly thin alternate strata of 
cementite and ferrite. Should the 
temperature and other controlling 
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factors be unfavourable for the for- 
mation of the lamellar pearlite, the 
structure may be granular. 9 

The Structure of Steels # 

We are now on th£ hfgh road lead- 
ing to a proper understanding of the 
hardening of steels and their heat 
treatment. # 

There are a number of character- 
istic structures by which steel passing 
Jhrough its transitions from the solid* 
solution to the ultimate simplest 
separation of cementite and ferrite* 
can be recognised. These, taken in 
the order of their occurrence, are 
austenite, martensite, tr^stite, sor- 
bite, and cementite plus ferrite. Each 
of these transitions marks a change 
in the characteristics of the steel under 
treatment, while, in addition, the 
metal exhibits considerable differences 
in appearance uftder the microscope. 
There are, however, no well defined 
limits of division, and this grouping is 
largely a matter of convenience in 
description. 

It will have to suffice for our present 
purpose if we merely describe the 
most marked characteristics of the 
structures mentioned above suffi- 
ciently to make clear the changes in 
the physical properties of steels as 
they are subjected to various degrees 
of heat treatment. Micro-photo- 
graphic examples of these forma- 
tions can be found illustrating 
many of the articles on the struc- 
ture of steels which appear in 
some of the leading technical 
journals, and a close study of 
the more representative examples 
will amply repay the student in the 
more intimate conception he will be 
able to form of the nature of these 
structures. 

Austenite is normally found in 
steels at temperatures above the 
critical range, in proportions depend- 
ing upon the percentage of carbon in 
the alfey, rate of cooling, and quench- 
ing temperature. Owing to the speed 
of transformation, it is only with the 
high carbon steels that it is possible 
to retain the austenitic condition 
in the cooled steel, and even then 
it is found in association with 
martensite . In conjunction with 
Ather elements such as manganese, 
tungsten, etc., however, it is 
possible to retain the austenitic 
formation entirely. Austenitic steels 
possess a polygnal grain structure, 
ye non-magnetic, softer than ce- 
mentite, and are rat her t ductile and 
tougfe * • ' 


• 

Martensite is the first stage in the 
decomposition of austenite, and is 
the principal constituent of hardened 
steels. Its constitution is stjll a 
matter of controversy. It is obtained 
by quenching steels that are of, or 
above, the eutectoid composition from 
temperatures^ within the austenitic 
range. Under the microscope, the 
Itructiye appears as a network of 
interlacing needl*. *lt is extremely 
hard, strong and brittle, and non- 
malleable when cold. 

Trostite is tine next transition stage, 
and is obtained associated with ni£A> 
tensite as a result of partial tempering 
# after hardening, and also directly by 
quenching suitable steels at suitable 
temperatures. Microscopically, it 
appears as nodular formations associ- 
ated with either martensite or sorbite. 
Its constitution is a matter of doubt, 
and its physical properties lie between 
those of martensite and sorbite. 

Sorbite is the last state in the 
transition, and is considered to be a 
form of pearlite in a minute state of 
subdivision. Under the microscope, 
it appears as a uniform minutely 
granular formation. It is obtained 
either by direct quenching from suit- 
able temperatures above the critical 
range, or by suitable tempering. 
Probably on account of the uniformity 
and fineness of the structure, steels 
in the sorbitic condition have high 
strength and elasticity and maximum 
ductility compared with those of 
normal pearlitic structure. 

Heat Treatment 

It is the arresting of the steels 
transition in any of the formations 
outlined above that constitutes the 
art of hardening and tempering, and 
the general heat treatment of steels. 

Now, the reactions described as 
taking place during the various tran- 
sitions in the constituents of steel 
require a certain amount of time, 
and, broadly speaking, if only the 
time element can be made sufficiently 
short during the cooling process, it 
will be possible to retain the steel in 
either the austenitic or any other 
desired condition, owing to the fact 
that internal changes in the structure 
of the steel cannot take place after 
the steel becomes sufficiently rigid. 
Again, these transitions are reversible, 
and the reactions will reach a con- 
dition of equilibrium ftith rises and 
falls of temperature, as will be under- 
stood from the Roozeboom diagram. 
9 It is a matter of common know- 
ledge that a high carbon steel 


quenched out from a high tempera- 
ture in cold water will attain a higher 
degree of harflney than one quenched 
out from the same temperature in oil. 
This is accounted for by the fact that # 
there are differences in the viscoaity, 
conductivity, and so on, of oil and 
water, and water i! capable *of con- 
ducting away heat from a body sub- 
j^Aed to quenching at gmater rate 
than oil. Consequently there will 
hate been less f time in which the 
transitions from the austedhic stage 
could have tak£n place, ajid the Meet 
will retain its hjrdne^ to a more 
considerable degree. 

Reference *tA a modified # form of 
Brinell's chart (see Fig. 4) will render 
the position more* clea£, aijfl al£o 
indicate the coifhections in grain 
structure and harcjpning and temper- 
ing that exist dufing the various 
transitions. The chart is^ery simple, 
and is self-explanatory. 

It will be well to enlarge upon one 
or two points presented in the chart 
before going further. The tempera- 
ture limit marked An is the recales- 
cence point of steel ; this point mani- 
fests itself during the cooling of steel 
by an evolution of heat in the manner 
previously explained. The limit 
marked Aci is the corresponding point 
occurring during the heating of steel 
where the rate of increase of heating 
is retarded owing to an absorption of 
heat through the allotypic modifica- 
tions taking place. These points vary 
somewhat for steels of different com- 
positions, but in any case are separ- 
ated from one another by about 
30 deg. C., the Aci point being higher 
than the corresponding An point. 

Later research has shown that it is 
necessary to heat steels, particularly 
low carbon steels, to # a point above 
Aci before the desired changes are 
effected. , But, generally speaking, 
having heated ^teel to a temperature 
Aci or above, the previous structure 
of the steel will have*bo influence on 
any changes taking place at these 
temperatures and subsequently. On 
the other hand, lhe«effect <fi the 
structufp obtained by heating to a 
temperature below Aci will depend 
on tje carbon content of tte alloy, 
and also upon its original ^Jructure 
before heating. # 

Generally speaking, the object 
sought after in beat treStment opera- 
tions is the securing of^ttye maximum 
1 possible fineness of grain, and it may 
be tSfken as axiomatic that fineness of 
grain is accompanied by good strength 
• • 

{Coytinjied othpoge 663.) 
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. The ’problems ‘of the Engine Indicator ’ 


BY LOUGHNAN PENDRED, MJ.MKCH.E. 


This completes the paper read by Mr. Pendred before * 
the Institution of Mechanical Engineers, London , the 
first part of which we printed in our June issue . 


W HILST, as already said, 
the pencil mechanism 
is the outstanding char- 
acteristic of the differ- 
i ent indicators, we must 

bewfere of exaggerating its importance. 
Material differences exist between in- 
dicators which employ the same kind 
of straight line motion as, for ex- 
ample, between the Crosby “ New ” 
indicator of America and the Maihak 
of Germany. It will be seen that both 
employ the same pencil mechanism, 
but if we turn to other parts dis- 
similarities are at once observed. 
Both employ a spring in tension and 
a long hollow piston-rod, but whereas 
in the Crosby ^he piston is freely 
jointed to the rod, in the Maihak it is 
rigidly attache! to it. In the Crosby, 
again, a ball on the spring takes the 
thrust, whilst; in the Maihajc a small 
crosshead is provided* Furthermore, 
the piston df the Crosby is barrelled, 
whjjst that, of ’{he Maihak is parallel. 
In the Crosby we' find, therefore, the 
piston endowed with the greatest 
possible lilwtpr. in the Maihak it is 
given no freedom, for it is assumed 
that a spring in tension does not 
distort# The author's own view is 
that th/fc free piston is the better of 
the two, and the simple ball-thrust 
of the Crosby appeal! to him more 
than the little crosshead cfcthe jdai- 
hak. pthers no doubt will hold differ- 
ent views. * Ah interning feature of * 
the German instrument, the spfendid 
workmanship of which should be ex- 
amined, is the careful heat-insulation 
of the spring, o , , 


In the Casartelli indicator the same 
pencil motion is used as in the Crosby 
and Maihak, but the spring is in com- 
pression instead of tension. The 
piston is mounted on a ball and a 
single helical spring is used. The 
piston is free to retain its parallelism 
with the cylinder, but since the spring 
is rigidly held at the top, any lateral 
distortion of it under compression 
would tend to thrust the piston 
against one side or other of the 
cylinder. This little weakness exists 
in nearly all indicators, and the only 
obvious way to overcome it would be 
to give the spring a spherical bearing 
at its abutment. As far as the author 
has been able to discover, the Crosby 
“ New " indicator is the only one 
that allows the piston complete 
liberty. 

Another detail of interest is the 
form of the indicator cylinder. In 
modern designs the cylinder is held 
in the casing at one end only by a 
screwed flange. The other end is 
quite free, and the walls, which are 
thin, do not touch the casing. This 
arrangement has the advantage that 
the cylinder is able to expand quite 
freely in a longitudinal direction, and 
fairly freely in a diametral direction. 
In this direction the stiff screwed 
flange puts some restraint on its move- 
ment. The fact that the steam or 
hot gases play about the outside as 
well as the inside of the cylinder re- 
duces distortion. 

The joints in the mechanism present 
another problem of great importance, 
not less as regards their wearing quali- 


ties than their number and accuracy. 
Since the multiplication effected by 
the gear is either four or six, it will be 
readily seen that any backlash in the 
joints may readily assume serious pro- 
portions. If it exists then the pencil, 
owing to its friction on the drum, 
remains up after the piston has begun 
to descend, whilst on the exhaust 
stroke it does not fall as far as it 
should. In other words, the whole 
card is displaced relatively to the true 
atmospheric line. Distortion of the 
card is also caused. It is unnecessary 
to labour the point, for it is quite 
obvious that any slackness must lead 
to indefinite defects. 

Optical Indicators 
It is of importance that the two 
purposes to which indicator cards 
may be put should be clearly dis- 
tinguished. They are first the esti- 
mation of horse-power, and secondly, 
the examination of the cycle of events 
occurring in the cylinder. In t£e in- 
dication of steam engines and slow- 
speed internal-combustion engines the 
former is generally the ruling motive, 
but in the indication of high-speed 
petrol engines the second is generally, 
the object sought. Indicators of the ’ 
optical type are more properly re- 
garded as research or laboratory infr 
struments than as engine-room ap- 
pliances. They suffer, as already 
noted, from lack of portability and 
from that simplicity of use which 
characterises mechanical steam and 
gas-engine indicators. It is impossibtl 
not to feel fegyet that a simpjj and 


reliable indicator "for extremely high 
speeds is*lacMng. It is common ex- 
perience that in multi-cylinder engines 
all the cylinders do not world equally 
well, and the invention of an indicator 
which could be applied to spch 
cylinders with the *ease of the 
common mechanical indicators is to 
be desired. 

The disk form of optical indicator 
has always attracted inventors from 
the time of John Perry up to Watson 
and Dalby. In instruments of thj 
•kind as usually made, the disk or 
diaphragm is its own spring, and as 
it ($ in direct contact with Ae hof 
gases, some doubt exists as to the 
constancy of the indications. It is 
held by some that the distance of 
the disk diminishes as*the tempera- 
ture rises, others are satisfied that 
with a certain measure of qpoling, as 
by water circulation in the casing, 
used by Watson, or by providing a 
large body of cooling and radiating 
metal as well, as used by Dolby, there 
is no material change due to a reason- 
able temperature rise. Beside the 
temperature effect on the resilience 
of the metal, the expansion of the 
disk must cause some distortion. In 
one form of indicator, that designed 
by the late Professor Robert H. 
Smith, the disk was retained as a 
spring only, the pressure being re- 
ceived on a light copper diaphragm. 

Some doubt also exists as to the 
constancy of the scale of pressures 
when disks are employed. It is essent- 
ial that the deflection per unit incre- 
ment of load should be identically the 
same throughout the whole range of 
the instrument. Watson found that 
the scale was not constant with a flat 
disk, and he therefore used a corru- 
gated one, and a corrugated disk is 
used by Dalby. Carpentier. on the 
other hand, retains the flat disk, but 
corrects the change of scale by an 
ingenious mechanical device. 

Attractive as the disk form is, it 
has important disadvantages, amongst 
which may be mentioned the difficulty 
of changing the diaphragms. They 
must be very rigidly gripped at the 
periphery, or so-called “ hysteresis ” 
occurs owing to slipping when sub- 
jected to pressure, and the lag in 
retuxfc tb ^orm when the pressure is 
removed. For these reasons several 
designer?, Hopkinson and Burstal 
for example, prefer to use a piston 
and external spring, but the piston, 
in its turn, has its own defects, the 
greatest of which is the need of ample 
lubrication, with too frequently the 
Corollary thit some of the oil is driven 
in a fine mist into the camera. 

• • V 


The form of spring for the optical, 
or for the micro-indicator, provides 
an attractive subject for investigation. 
When the disk itself is not used as a 
spring, only two other forms Are in 
use — the cantilever or encastri spring, 
and the Bow employed by Hopkinson. 
There is a possibility of hysteresis in 
the Hopkinson form, owing to the 
i spring pulling through its*attachment 
when loaded an^ returning with lag 
when unloaded. In the cantilever 
spring this possible defect does not 
exist. On the other hand, such stiff 
springs, or b3rs, as must be used for 
high pressures must tend to f distort 
, the mounting in which they are held. 
Calibration of the spring in position 
is therefore essential, and even then 
some little doubt about accuracy 
must remain. 

The means of connecting and sup- 
porting the mirrors is of very great 
importance. When it is remembered 
that these mirrors are literally shaken 
violently some thirty to thirty-five 
times a second, the need for accuracy 
in details will be appreciated. On the 
whole it is better to use one mirror 
than two, and, if possible, it should 
be rigidly attached to the spring 
itself. The fact that the movements 
of the mirror or mirrors is extremely 
small, something in the neighbour- 
hood of 5 degrees to 10 degrees, makes 
it necessary to give attention to 
minute details if it be desired to 
measure the indicated horse-power ; 
if the object is only to study the cycle 
extreme precision is not so essential. 
In the Watson-Dalby instrument two 
mirrors are employed, and as each 
is subject to its own proper errors of 
mounting the possibility of total error 
would appear to be greater than in 
single mirror indicators, like that of 
Carpentier and Hopkinson. The 
mirror mounting of the Carpentier in- 
strument is scientifically elegant. The 
mirror is pressed by springs against 
three points bearing on its back. The 
three points are at the angles of a 
right-angled triangle. The point at 
the right angle is fixed. One of the 
others is moved by the diaphragm, 
and the other by the engine. The 
incident ray of light should fall on 
the mirror immediately in front of 
the fixed point. It is interesting to 
note that in all these instruments 
using a reflected ray, if the incident 
ray does not strike the mirror im s 
mediately upon its mechanical axis 
the scale will be distorted. Another 
source of trifling error lies in the fact 
that the screen upon which the image 
is thrown is flat. Theoretically, it 
should be a spherical surface struck 


• ... 

from the mirror as centre. These 
little errors are ipentioaed to stfow 
that the optical indicator Is subject • 
to defects proper to it, Just as 
mechanical indicators are subject to # 
defects proper to them.# It mu$£ be 
the continual effort of scientific in- 
ventors to remove those defects. 
r 'The optical indicator will remain .a 
cdt > tly laboratory ipstrumsn* until % 
much less delicate form has been 
found. Convenient as it is for certain 
specified purpos& to be able to see « 
‘the “card” en the gjound glass 
screen of the camera, it if questionable 
whether it would not be better to 
sacrifice that* convenience forwthe sake 
of simplicity, accuracy and cheapness • 
and in the hope prod^cing#an in- 
strument that coqjd be used On ship- 
board. In the Mafhot gas-engine in- 
dicator— a mechadUal indicator — tlje 
paper is moved intermittently instead 
of continuously, and the diagram is 
drawn by a succession of ordinates. 

A somewhat similar plan might be 
adopted for the optical indicator! A 
single mirror giving a vertical stroke 
only would be used. A light shutter 
would be placed in front of the pin- 
hole through which the beam of ligtfc 
was thrown upon the mirror. The 
shutter would be operated electrically 
by a commutator which could be set 
to open it for a fraction of time at 
any desired portion of the stroke. 

The position of the dot of light 
thrown on the screen c«>uld be scaled 
off direct or recorded on a ^sensitive 
film which could be moved forward 
by hand as desired. If the commu- 
tator were so devised as to give a 
score of ordinates at different but 
fixed points in the stroke, we should 
have twenty ordinates from which 
to construct a diagfem or derive the 
mean pressure. As & mere hint to 
inventors, the author has ventured to 
place a sketch of this suggested device 
on one of the wall diagrams. 4 
Mechanically* operated optical indi- 
cators for high-speed* engines suffer 
from the serious defect that, since* to 
give trustworthy results, they must 
be placed practically ^ the Aigine 
cylinder they are subject to Engine 
vibrations. That is one of the reasons 
which led to the development of the 
R.A.E. electrical indicator. # But the 
“ balanced ” pattdhi is not tfie only 
form possible, and now that exceed- 
ingly sejisitive galvaqpmeters are 
avafiable, it is very probable that a 
f pure flectrical indicator* will so&e day 
be fgfmd. A interesting form has 
been tried by Professor Trowbridge, 
of Prineetown University. In it t a 
small diaphragm is^ einployed To 
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the diaphragm a very small coil of 
fine wire is attached, and into the 

* coil projects one pole#of an electro* 
magnet. When the*eoil is moved it 
generates an electric current * the 
B.M.F* of whfch is proportional to 
the velocity with which the disk moves. 
The currdht is taken to a 14 string”* 
galvanometer of the type designed b^ t 
the Dutch* physicist Einthofen, and 
by suitable optical means a spot of 
light is cast upon a gloving photo-** 

•graphic film. A commutator of the 
crank-®aft oS the eneine enables a 
record to be taken git any *desyed 
point of the stroke. Only the pressftre 
^chamfer With. disk. and # coil a;e at- 
f tached to the engine. This part is 
quite sttfall fcnd ean be screwed 
directly into a hol^^i the cylinder 
cover. There are tyo things to be 
notteed about this method. First, it 
is the velocity af the disk, and not its 
position famt is measured ; the velocity 
is taken as directly proportional to the 
pressure. In the second place, it 
should be noticed that Professor Trow- 
bridge discards the familiar pressure- 
volume diagram and employs ordin- 
ates upon a time basis as shown in the 
author’s suggestion on the wall dia- 
gram. There are so many points in 
favour of this plan that increased 
attention to it may be safely recom- 
mended. 

A method of measuring rapid oscil- 
lations which is now being developed 
by Mr. H. A. Tbbmas at the National 
Physical Laboratory, and for which 
an Einthofen galvanometer is also 
employed, has not so far been used 
for the indication of engines, but it 
might be so employed. Mr. Thomas 
uses a high-frequency oscillating cur- 
rent in a coil. If tjie coil is brought 
near a metallic body, a change of 
conditions which ^:an be measured on 
a galvanometer occuts. 

A third method depends uppn the 
fact that if a pile of hard«carbon disks 
be compressed, their electrical re- 
sistance falls inWeisely as the load in- 
creases. Dearly a pressure indicator 
practically free from inertia might be 
made wfjh a variable resistance of that 
kind. > 

* Conclusion * 

• a 

Although Osborne Jteynolds prob- 
ably exaggerated the inaccuracy of 
indicator cards, and although im- 
provements in the instruments* them- 
selves hqye been effected since ffe 

* wrote, yet a *c&eful survey of the 
whole subject leads to the conclusilai 
that 90 indicators can be relied upon 
to give results accurate enough to 

x justify the use that is sometime^ made 


* 

of the cards. One may find in the 
records of engine tests the familiar 
relationship i.n,p. -r b.h.p. taken to 
the first and even second decimal 
point, even when the whold number 
is a large one. Such use of the -figures 
gives an appearance of accuracy which 
4s fictitious, and is to be deprecated. 
The author ventures to suggest that 
jast as in making standard mechanical 
parts a tolerance is recognised, so in 
expressing relationships between fac- 
# tors which have to be obtained by 
fallible instruments, it would be more 
honOBt toi state clearly that an error 
• of unknown amount exists. In the 
case of indicated horse-power he 
would make that tolerance something 
like five *)er cent, for all engines run- 
ning at or over 300 r.p.m. and for all 
indicators. 

The sources of error in the instru- 
ments themselves have already been 
briefly indicated. But an error of not 
less importance is that due to the 
operator. It is generally recognised 
by all who have investigated the in- 
dicator that the pressure of the pencil 
or scribe upon the paper has a very 
material effect upon the result. In 
certain conditions it leads to a damp- 
ing out of spring vibrations and an 
improvement of the card, but in other 
circumstances it may seriously alter 
the area. When it is remembered 
that even at as low a speed as 300 
r.p.m. a single card must be taken in 
one-fifth of a second, it will be readily 
understood that the manipulative skill 
called for is of a high order. The com- 
mon practice is to take the mean 
area of a number of cards — say ten, — 
but if all are taken by the same opera- 
tor it is not at all impossible that 
the same error will persist in all. 

The assumption which one may find 
in text-books that the errors cancel 
out, that the enlargement of the card 
caused by pencil pressure, inertia and 
oscillation is neutralised by the de- 
crease of area that is brought about 
by drum^errors, puts scientific meas- 
urement on a low plane, and is not 
wholly justified by the facts. It is far 
better, far more honest, to admit that 
errors do exist, and to refrain from 
attempting to draw precise deductions 
from the results. 

In concluding this all too brief 
Paper, the object of which is rather 
to direct attention to the problems 
of the engine indicator than to study 
those problems, the author desires to 
thank those who have been kind 
enough to help him with information, 
and particularly Mr, H. W. Dickinson, 
of the Science Museum, South Ken- 
sington, who prepared, at his request, 


the interesting table. The ^author 
would like to express a hope that 
members may see their way to add 
to the admirable collection of indi- 
cators preserved at the Science \ 
Musefim. It is <0 Jbe regretted that 
no optical indicators are yet included 
in it. 



^WONDERFUL ELECTRIC 
WELDING 

5)urin£> the war a remarkably in» 
genious welding equipment was de- 
igned for the purpose of fixing brass 
studs to iron plates. In the con- 
struction of a%mrship it was neces- 
sary to fix hundreds upon hundreds 
of studs t(\the bulkheads, and the 
old way of aoing it was by cutting 
holes in the bulkheads and screwing 
in the studs. In ordetMo save time 
and labour, the British Admiralty 
encouraged some of its experts to 
solve the problem of electric welding 
under those peculiar conditions, and 
they eventually perfected a most 
ingenious machine by which the 
whole operation of placing the stud, 
striking the welding arc, and pressing 
the stud on the plate were performed 
by clockwork. The results were so 
satisfactory that the inventors were 
led to apply the same principle to 
other kinds of welding. They have 
now succeeded, by using compressed 
air, in producing an equipment which 
will weld studs of almost any kind of 
metal to plates of almost any kind of 
metal. For example, brass studs can 
be welded to very thin tin sheet 
plate, and a brass stud can be welded 
to a bronze plate. The main purpose 
for which this new type of appliance 
has been perfected is in welding hard 
tips on to high-speed tools. These 
tools have to be made with a shank 
of mild steel, and the tip has to be 
of special steel in order to give a. 
tough cutting edge. The problem of 
combining the two has given engin- 
eers a great deal of trouble, but hence- 
forward this important operation will 
be readily carried out to perfection 
with the apparatus now available. 

• » 
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Mining Accident* Statistics 

» • ■ 


, By J. S. P. * . 

. ** •* 

• • 

A, 

Mis article from “Industrial Welfare/} because 
it contains ideas which can be put to practical %se. 
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jk S far as our own experience 
would show, the analysis of 

L % coal mining ^accidents pre- 

/ sents considerably greater 

difficulty than the analysis 
of those in other classes «>f industry. 
For instance, the percentage of acci- 
dents attributable to carelessness in 
haulage work, is an extremely high 
one, while that due to explosion is 
probably a great deal lower. 

Statistics show that in 1852, the 
average loss of life in coal mines, 
, taken over a few years, was about 
900 per annum, and during pre-war 
years, approximately 1,200. It must 
be borne in mind, however, that in 
the former period, the output of coal 
was about 50,000,000 tons, while in 
1914 it had increased to 270,000,000 
tons. Thus, while the output of coal 
was 550 per cent, as great, yet the 
number of deaths had only increased 
by 150 per cent. 

The deaths in 1852 resulted in 24 
per cent, from explosions of fire damp, 
and 76 per cent, from falls of roof and 
other causes. Taking the average for 
tie years 1905—1914 the figures re- 
spectively were 12 per cent, and 88 
per cent. 

It is fairly safe to assume that the 
percentage of accidents due to un- 
foreseen and natural causes, is higher 
in the coal mining industry than 
others. We believe the correct figures 
to |>e approximately 50 per cent. In 
other industries, a general average 
being 80 per cent, preventable acci- 
dents. 

In the experience of the writer, he 
fopnd that coal mining accidents may 
be roughly divided into three : 

(1) Falls of roof and walls ; 

(&) Explosion ; 

(3) Haulage and “ hand-labour ” 

accidents. 

(1) Analysing these causes briefly, 
falls of roof and walls would appear 
to be attended by more serious conse- 
quences, when the pit is presumably 
a c safe one in thi% Aspect, less 
precautions are taktfh in timbering. 
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Further, educational means are neces-* 
sary to ensure that men having ex- 
hausted their supplies of timber, do 
not continue working withott it. 

(2) Explosion. — The contributory 
factors to explosion are the presence of 
sufficient gas or coal dust, and means 
of ignition. Educational methods 
could undoubtedly minimise these 
factors, gas would be more thoroughly 
tested, for the pits would be thor- 
oughly stone- washed, and the means 
of ignitiou, i.e., the presence of 
matches, broken flame lamps, seized 
haulage sheaves, metal parts of tubs 
trailing on floor, and others, might 
be almost entirely eliminated. 

(3) Haulage Accidents. — These 
may be largely traced to carelessness 
or laziness. Riding between tubs, 
unsuitable means of coupling, jumping 
on and ofi moving tubs, excessive 
speed, and other causes, predominate. 

A further series of accidents which 
are avoidable by educational methods, 
are those due to neglect of minor 
injuries, etc. 

Although as stated above, we be- 
lieve the avoidable accidents to be not 
greater than 50 per cent., it should 
be added that considerable advantage 
should accrue from the adoption of 
educational methods of prevention. 

* * * 

On the authority of the Mines 
Inspector for the Northern Division, 
and as per his annual repqrt, I can 
state that 41.3 per cent, of all the 
fatal accidents in his district during 
1921 might be attributed to avoid- 
able causes. This compares with 
40 per cent, in 1920. 

Th6 experience in this district 
appears to be much higher than in 
Yorkshire and the North Midlands, 
where, for 1921, the rate per cent, of 
all the fatal (avoidable) accidents due 
to falls of grodtiH was approximately 
28 per cent, of the total, according 
to the inspector's report. 

We believe that the actual pro- 
portion of what, for the sake of 
brevity, we call avoidable accidents, 


has neve* Jseen estimated for the 
whole country. If it ‘has we should# 
be very pleased^ to have tjjje figures. 
In the short t^jne at our disposal we 
can find no figttfes in regard to non- 
fatal (avoidable^ccidents, hut prob- 
ably the percentage is much" the 
same. Personally we believ# 33J per 
cent, (confirmed as an approximate 
figure by exhaustive tests of both 
fatal and non-fatal in another dis- 
trict) to be a very conservative 
figure, but a safe one to work on. 
This alone involves an annual “avoid- 
able “ loss of about 330 lives ^and 
39,000 accidents. 

The proportion of avoidable “ haul- 
age accidents ” it will be borne in 
mind is very high. 

The figures we have given are more 
or less confirmed by the American 
experience, which isjthat 40 per cent, 
of the insurance premium is charge- 
able to the “ human element or moral 
hazard.” We understand that the 
experience in the South African Union 
is much the same as in this country. 


a 

BRITISH LOCOMOTIVE 
. SUCCESS 

One of the many 0 British firms 
specialising in locomotive production 
recently gave speciaf attention to the 
design and construction of locomotives 
adapted to lines with veiy heavy 
gradients and sharj) curve* Under 
sucbP conditions the locomotive has 
to* be made in sections, as it were, so 
that it can adapt itself to* the twists 
and turns of the tracte Several 
locomotive^ made by this firm on this 
principle were recently supplied to 
South' Africa, and tfiey have worked 
so admirably that ^r$peattorder was » 
recently given to the same firm. This 
tSumph is all the more notable 
inasmuch as there is practically no 
demand for such special types of 
locomotives in Gtfeat Britain itself. * 
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# THIS SECTION DEALS WITH WORKS MANAGEMENT ANp ORGANISATION, THE TRAINING AND 
WELFARE *F THE WORKERS, AND WITH THE ADVERTISING, SELLING AND MARKETING OF GOODS 
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Principles of Organisation and Management 


w # By \VALLACE ATTWOOD 1 
• (C^Stinued from pjge\\M .) , 

§ * • 

yiis is a continuation of the important and interesting 
paper read before the Institution of Production Engineers , 
the first part of % which appeared in our June issue. 

I T will be wel^«iow to consider All the time, however, the tendency deals direejly with as few heads of 
the maij points that must be would lx? for him to retain control of departments as* possible, This means 
Ixjfne in mind when building much of the detail work, as well as to that he must divide iqjto groups the 
up an # efficient organisation, assume supreme authority and re- functions and duties that are necessary 
In the old days it was said that sponsibility. So long as he was able to the execution of his business, re- 
a business was but the lengthened to keep a correct grasp of all that ducing the nund>cr of groups to the 
shadow of some one man, but with went on within his business, all was minimum. Thus, if he is a manufac- 
the complexities of present-day busi- well, but with continued growth he turer, he will group all the functions 
ness, it will nearly always be necessary soon found himself enmeshed in de- relative to production under the care „ 
to "substitute the word *' organisa- tail, so that there was a tendency for of one official whom he may call the 
tion ” for “ man.” him to lose a true pers]>ective. works manager. Everything pertain- 

Such a thing as a manufacturer dis- There was little or no time for him ing to administration will come under 
tributing his products nationally was to get relief from the petty duties of another head, and the same will apply 
unknown a hundred years ago. In his business in order that he could to finance and sales. He may even 
those days business was local in stand back and secure a correct focus, go further than this by creating a 
character, and .production was small Consequently his next step was usually general manager’s department, which 
because the majjeet was limited. The to create a number of departments, will provide the necessary liaison be- 
enterpnsc «was a personal venture, each with its own head, and he would tween the head of the business and 
and where there was steady growth it then keep control of his business tlie four main departments already 
was perforce simple and slow. The through daily contact with his man- mentioned. 

problems of such a man were mainly agers. The head of each department will 

those of individual effort, influence In the end his organisation would arrange his organisation on the same 
and common sense. To-day, how- become of the type represented dia- principle, so that finally an orgatiisa- 
ever, the growth of a business is much grammatically in Fig. 1. tion similar to that indicated in Fig. 2 

more rapid, providing that there is There are many successful busi- is built up. In this diagram as much 
efficient co-ordination and co-opera- nesses organised on these lines, and detail as possible has been omitted, 
tion of capital, management, and the fact that they are successful is a Thus this principle consists mainly 
employees, and that the organisation real hindrance to their fullest develop- in splitting up the main purpose or 
is built up upon^ similar basis^o that ment. Such an employer is apt to function of an enterprise into many 
laid down in the following ten stand- argue that he has built up the business lesser purposes or functions, each of 
ards : • and that it has grown steadily by the which will be within the capacity of 

(1) *l'he centralisation of functions application of his particular methods, some one individual. It must be, re- 
that group themselves naturally. His long acquaintance with the needs metnbered that an organisation is 

Manji businesses to-day are suffer- of the business makes him resist any limited by the ability and integrity 
ing froffi the* fact that they have suggestion that his method of organ- of average people, and by the diffi- 
grown from the “ one-man ” business, isation is wrong. He regards the culty of training these people to the 
When such a business was started, profits as an effective counter to any point where they can perform fhe 
the proprietor carried out most* of ? argument that may be used. What desired task. • 

the duties* himself. *He opened his he does not perceive is that with a (2) The line of control , authority and 
own shop or commented working more efficient organisation he would responsibility , must operate from ex- 
single-handed his own b^ich or haVe been more successful still. He ecutives downwards. 
desk. Then, as his business (&- does not understand, or at least ap- There is a tendency in many enter- 
panded, %e would add an assistant or predate, the importance of this and prises for the head of a business or of 
two, and after a time he #ould create the following principles of organisa- a department to fasten responsibility 
a manager, and later on a wonts tion. on to an individual, inviting him 

manager, a chief derk, a stodfefeeper, The first duty of an executive is so with the necessary control and author- 
an accountant, arral JS e ^ organisation that lie fty. Thus tji£ jjead will frequently 
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Klfl. I. An txamjrit of bad type of organisation 


usurp the authority' of one of his 
managers by t dealing directly with 
someone who conies under the control 
of the manager, and, in so doing, the 
head may countermand the orders of 
his manager. Further, he may even 
arrange for the particular member of 
the manager’s staff to carry rcsjxinsi- 
bility and authority for some small 
duties which he denies to the manager 
himself. 

Trouble of this nature more fre- 
quently arises when the organisation 
is of the lv|K indicated in Fig. 1. 
Wherever resjxmsibility is given, it 
should always lx* clearly pointed out 
to the other members of the organisa- 
tion or department that such a jKrson 
has the necessary control and author- 
ity which alone will enable him to 
carry his load of resjxmsibility. If 
this principle is applied step by step 
in the organisation from the control- 
ling head, through the central man- 
ager, the heads of departments, heads 
of sections, and so on to the rank and 
tile, the following troubles will be 
avoided : 

(a) Divided authority. Two men 
cannot Ik resixmsible for the same 
duty or function, or trouble and 
friction will very soon arise amongst 
the members of the staff. 

(b) Duplication of duties. This is 
the outcome of the previous fault, 
an$ it is no uncommon thing to find 
identically the same work being 
carried out in two different depart- 
ments 0 because resjxmsibility and 
authority were not properly vested 
in one man for a specific duty. 

(c) Bottle-necks. It has previously 
been stated that duties should be split 
up so tl\pt they come within the 


quently happens, however, that an 
undue accumulation of tasks occurs 
at some one or more points in the 
organisation. Just as in a factory 
that is producing several parts which 
have finally to lx* assembled, where* 
it is recognised that there must Ik* an 
even flow of production throughout 
the plant to avoid a hold uj> at any 
point, so it is with the whole of a 
business. If a bottle-neck is created 
it means that the work of other de- 
partments will lx* held up ; so that 
whilst some memlxrs of the organisa- 
tion are overburdened, others will lx* 
forced into semi-idleness. 

(d) Blind alleys. If each memlx*r 
of the organisation bears some share 
of resjxmsibility, then by efficient 
work lie should lie able gradually to 
assume greater responsibility, anil so 
avoid a blind-alley job which leads 
nowhere. 

(c) Breaches or misfiring. This is 
where certain duties “ fall between 
two stools.” It often occurs that 
when a certain person has lx*en taken 
to task about the miscarriage of some 
particular duty, he says, “I had no 
idea that I was expected to do this. 

1 thought that was So-and-so»s work.” 
The other person is in the same pre- 
dicament, so that between the two of 
them the duty fails to be carried out. 

(•*) No man responsible to more than 
one superior for one function. 

The principle that " no man can 
serve two masters" is particularly 
true in business. If an employee is 
directly resjxmsible to two or mbre 
superiors for any one duty, he is only 
human if sooner or^later he take$ 
sides. Subterfuge \tf5l creep in, and 
with it passive resistance to tlie party 


capacity of the resjiective individuals for whom he does not wish to work, 
are to carry therti^out. It fre- Of course, it is understood that 


workman, whilst being responsible to 
a cliarge hand, vpll alsgbe responsible 
to the foreman to whom the charge f 
hand is respoSsjble. This # hoover, 
is not an exception tg the point, since 
the worker is responsible tg the fore- 
man through the charge hand. The 
case would be irery different if the 
•same workman were responsibly to 
• «two charge hanc^ or fojjpmen for*the 
same job. • 

• (4) Pyramidal support from the lower 
9 rank%to the tofi % t 

Oil referring again to Fig. 2^!t may 
lx* observed tfiat the chart is in the 
ioftn of a pyrafnid, with the greatest 
1 number of yie staff at the base and 
the number being reduced as the* 
apex is approached. Thtgi, whilst 
authority and ^responsibility operate 
vertically downwards, each respons- 
ible party should be supported by 
those immediately tinker his control. 
Many heads endeavour to «arry the 
whole burden on their t^wn shoulders ; 
they imagine the diagram in Fig. 2 
to Ik inverted. This is obviously 
wrong, however. The managing direc- 
tor should encourage his general 
manager to sujiport him, and the 
general manager in turn should* be 
sustained in his position by the 
heads of departments, these being 
supported in their positions by their 
resjKCtive staffs. 

This is conducive to a much stronger 
and more stable organisation than the 
other plan. m 

(f>) Co-operation and co-ordination 
should be maintained interdepart- 
mentally. 

With the creation of definite de- 
partments there is a natural tendency 
for each department to regard itself 
as a business within a bigger business, 
and so to work hi watertight cont- 
jiartments. Yet ttere is very little 
routine in any business which does 
not affect more than one department, 
and th8refore for the purpose of carry- 
ing out any 'particular* piece 0 f work 
there must Ik ]Kff<act co-ojKration 
iKtween the personnel of the cfepart- 
ments concerned. 

For instance, aft incoming o*der will 
affect^ the administration, sales, pro- 
duction, and finance departments. 
Possibly twenty people frpm these 
foiifr departments will have certain 
duties to carry 'but in the execution 
of the order dip to a point where pay- 
ment has been received from the 
customer. For the purpose of this 
or^er these twenty % people* can be 
re^rded as co-ordinating their efforts 
in dealing with the whole of the 
routine of an incoming order *|rom 
its inCerofon to completion. 



# Referring once again to Fig. 2, it 
inay be s&id that co-ordination be- 
twreen department Wbrks horizont- 
ally in either direction. „ 

(6) Executives and employees must 
wdrktn complete harmony . s 

It is curious how at times one de- ’ 
partnfent of a flbsiness will consider 
*that it is the mainstay of the enter- 
prise. imagines that the business 
begins and end* with itself, that 
nothing matters except its own Point 
of^ view. Sometimes in s4f-interest 
it nvill pull in a direction which *is 
diametrical^ opposed to the jjood of 
the business as a whole. • • 

For*instance, the%ates department 
may build up a big turnover by ob- 

• tainttg orders 4n a direction which 
will Dring aboqjfra deadlock in one 
part of the factory, whilst neglecting 

•to obtain suffi<?!?nt orders for another 
section ofrtlie works. On the other 
hatffi, the administration and account- 
ing departments may not work jn 
unison with the sales department. 
After all, the main consideration is 
the highest success for the concern as 
a whole, as the maximum benefit will 
, then accrue to each individual in the 
business. 

A business is rather like a boat. 
What would one think of a man who 
elected to pull in the opposite direction 
to the remainder of the crew working 
under the guidance of the coxswain ? 
This does not happen with a well- 
trained er^v ; they swing and pull 
togetlfer, their sole aim being to bring 
the boat to its destination by the 
shortest, quickest, and best route. 
Similarly, in a business there must 
be complete harmony so that the 
desired goal for which the business 
exists may be Reached most efficiently. 

(7) A line of progress which will 
allow for thf growth and initiative of 
the individual . 

It was Jsapoleon wh^ said that 
every soldier carried a field-marshal’s 

• baton in liisjcnapsack. In an enter- 


prise every individual should be able 
to perceive clearly his line of progress 
if only he will fit himself to take ad- 
vantage of the opportunities which 
are bound to arise in *a successful 
business. Employers often decry the 
lack of initiative among their staff, 
but in many cases t^e initiative is 
deadened J>ecause the worker does not 
see how he C|in progress within the 
organisation of ^diich he forms a 
unit. 

Of course, every member of a I 
business cannot be promoted to a 
diigh*r post, but that is no reason why ( 
every individual employee should be 
able to excuse himself .at the expend 
of the concern for not progressing. 
Ivac^ worker should be shown what 
chances exist for him, and encouraged 
to put forward his best. If he does 
not respond to such stimuli, then he 
has only himself to blame. On the 
other hand, if more workers are ripe 
for promotion than can be accommo- 
dated, then at least the business has 
reaped the greatest possible benefit 
from such workers. 

A business staffed in this way, 
however, will grow so rapidly that it 
will be possible to promote a very 
large percentage. Further, if an em- 
ployee must leave the organisation 
for one where there is more room for 
the exercise of his abilities, the general 
tone of the industry or type of com- 
mercial business in which the firm 
are engaged is being improved, and 
ultimate good will be derived even 
from this. 

(8) The three-positional plan whereby 
each person is : 

(a) Carrying out his own work ; 

(/;) Training the man Wow him ; 
and 

(c) Understudying the man above 
him. 

This follows naturally from the last 
point, but it merits special mention 
since it has been tried witli excellent 
results in many organisations. Ar- 


rangements are ma<Je whereby as 
many employees os possible sljall not 
only lyive an opportunity of learning 
how to carry out their present duties 
efficiently, but also of training thera- 
salves for thj work of their superiors, 
and of training their own subordinates 
in the duties they will have to under- 
take when promoted. 

It is realised that this plan cannot 
be put into execution right down the 
line, but it is well to apply the prin- 
ciple as far as it is practicable, 
especially for those occupying tne 
higlfr positions. It is no uncotymon 
thing for an efficient worker to be 
passed over for promotion in place 
of an outsider, because the former 
did not lAve an opportunity of learn- 
ing how to till the vacant post. It is 
even more unfair to an efficient man 
if he ijf able to fill such a post, but 
cannot be moved from his present 
position because thtre is no one ready 
to step into his shoes. Such things 
are very disturbing both to the 
business and to the man in question. 

(9) Elasticity which will allow for the 
natural expansion of the business. 

It is not safe to organise according 
to an opportunist policy for the sake 
of expediency. Such organisations 
are in a state of compromise, and are 
adjusted to the existing circumstances 
with little thought for the future. 

If, in the first place, the organisa- 
tion is arranged in proper groups, so 
that all the functions are fulfilled, then 
each department should be able to 
expand naturally with the growth of 
the business. Growth then becomes 
merely a question of the availability 
of further capital, accommodation, 
equipment and personnel, with the 
j>ossible introduction of further sec- 
tions and sub-sections of the various 
departments. Whatever modifica- 
tions are necessary, however, the 
organisation should still be able to 
run on the same approved principles. 

(10) The organisation must be able 
to give expression to the personality of 
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the business. 

In a small business the personality 
of the principal will always be in 
evidence. With the organisation of 
larger enterprises, however, there is 
a tendency for more stress to be 
placed on the inanimate or mechan- 
ical side than on the development of 
a business personality. However 
large a business may be, and even if 
the founder is no longer connected 
with it, it is still possible through the 
creation and pursuance of the rigbl 
policy and ideals so # to imbue ^he 
personnel* that, collectively, they give 
a living pMsonality to the business 
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They carry out their work as one 
united family, 1)uildinK up a business 
struct Are which is a living, virile 
testimony to their work. # 

The business develops what one 
might term a “ soul." Without tips 
quality it may exist »fof a time, but 
sooner or later certain individuals 
will Ixgin to regard the concern as 
something to lx; exploited, and in 
time* of trade stress the organisation 
will break down and find itself in 
liquidation. ( 

♦ Thus there are ten standards by 
which the efficiency and organisation 
of a* business can f>e measured? At* 
the same time these standards can lx* 
used when efforts are Ixing made to 
improve the organisation,* either of 
the whole business or merely of a 
section of it. In this pajxr organisa- 
tion is spoken of as the laying down 
of the foundation upon which the 
most successful # business structure 
can be built. It should not be con- 
fused with system or routine. A 
system, because it is so called, is not 
necessarily good, and it is not sound 
practice to endeavour to correct a 
fault due to bad organisation by 
the introduction of some system or 
routine. This would be like trying 
to deiil with an evcr-leaky roof by 
continually patching it up when the 
real fault was inherent in the poor 
construction. Systems are useful and 
necessary, but not until the organis- 
ation is fundamentally sound. 

The Scientific Method for 
Executives 

A business to be properly organ- 
ised must be run on scientific lines 
and not on “ hit or miss " methods. 
It is important, therefore, that since 
the organisation is no stronger than 
the combined efforts of the indi- 
viduals composing it, each person, 
and more especially the executives, 
should carry out their work by 
scientific methods. Present-day busi- 
ness activities demand exactness and 
standards by which to measure 
achievement. Such standards must 
cover the individual, the products, 
the methods, and the working con- 
ditions.^ Further, scientific method 
calls for ail inquiry into the ratio be- 
tween practical achievement and 
theoretical effort. Thus the executive 
must work to a programme similar to 
the following : 

(1) Set up standards for every unit 
in the organisation. 

(2) Plan all, work intelligently, in 
general for long periods ahead, and in 
minute . detail for present 'activities. 


Then adhere rigidly \o the plan. 

(3) Prepare all working conditions 
so that every ' facility is available for 
the successful performance of .the 
work in hand. 

(4) Coinpile accurate records with 
the object of confirming work done 
and as a guidt to future activities. 

# (5) Unfit* the amount* of detail 
work fot himself, gp tliht he is free to 
control, analyse and supervise the 
work of others under him. 

(6) Define the limits of the re- 
sponsibility and authority of ^hos* 
under him. 

# (7) Standardise the duties of his 
subordinates and allocate them to 
those competent to carry then* out 
efficiently. 

(8) Organise his work so that his 
. bsenee for a time will not lx* felt 
seriously. 

(9) Work always on the law of 
exception, investigating good work 
to commend it, and inefficient w'ork 
to remedy defects. 

(10) Build always on a firm founda- 
tion, having a positive knowledge of 
each task. 

The Characteristics of a 
Good Executive 

These may also lx brought out 
more clearly by listing them as 
follows 

(L) He is always prepared for every 
emergency. Dike a good general he 
has in reserve plans for retreat, 
although he means to advance. 

(2) “ Yes ” and " No ” are the 
shortest methods of answering ques- 
tions, but few executives realise the 
proper time to use one or the other. 

(3) He must have balance or poise 
so that he is never flurried. 

(4) He must inspire confidence in 
others through his knowledge, ex- 
igence and qualities of leadership. 

(5) He must retain a complete and 
accurate mental picture of all existing 
conditions and methods within his 
department, and the manner in which 
they affect other departments. 

(6) He must have the undivided 
loyalty of the management and of his 
men, and must give the same in 
return. 

(7) He must considf^ team work 
and co-operation before personal in- 
terests. 

(8) He must be always ready to 
step into the position higher up and 
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have someone ready to fill the one Jie 
vacates. • •’ 

(9) He mujtt k$ep in touch witji 
modem practice, both as legards 
detail, progress and general trend. , 

(10) He must instil into subordin- 

ates the most useful knowledge of the 
tyork. • • 

HI) He must create and njaintaiifi 
the oest possible mottle in hi? working 
force. ♦ 

% must Have wisdo$n, fore- 
sight, and business judgment. * # 

(13) Heunust Arry the policy 
of # the ffusiness and Tnaintain its ideals. 

(14) Hj must*stand foi. reliability 
and the square deal. 

(15) He must bg’able % to induce 
efficiency in others . • 

(16) He must ext*«ise control am], 
siqxrvisjon over his department. 

(17) He must lx able to analyse 
results critically and without bias. 

(18) He must put new problems 
Ixfore his men for their consideration, 
advice, and action. 

(19) He must see that prescribed 

practice is carried out. v 

(20) He must co-ordinate and direct 
the -activities of others, and know how 
to select and train men who will Ixst 
aid him in his endeavours, i.e men 
who can offset his weaknesses and 
who can supplement his general in- 
formation with exact knowledge. 

This is a formidable list, but it 
shows that an executive has a worthy 
task in front of him, and that it is a 
]xsition which calls for ability, in- 
tegrity, and initiative. 

The Need for Understanding 
Men c 

Men who know How to get the 
maximum results from machines ar? 
common, but the power to encourage 
the maximum service fjom’subordin-* 
ates is a much rarer possession. In 
dealing with men one is confronted 
with a complex problem. Even wj^en 
a study of psychology the laws 
governing^ mentality has been made, 
it is necessary in each individual to 
deal wrih his temperament and his 
personality. c o o 

Executives shqqld accordingly seek 
'-every opportunity of studying man- 
kind fyi general, and in particular the 
men under them. It is,ooe of’ the 
main functions' of the executive to 
discover the aptitudes of each indi- 
vidual under his care, and to ensure 

(Continued on Page 674 .) 
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THI8 ' 8e6t,on deals with transit by air. land and seX. and particularly with 

♦ w • 11 THtt MANAGEMENT AND CONTROL OF RAILWAYS n n it 


Improvement' Works on the Indjan Railways 

A summary of the chapter in the Indian Railway* Administration 
Report for 11*21*22, dealing with Rehabilitation and Development, 
and a few commmts upon other matters of railway interest t 


1 ‘N my # recent article on V Indian 
s Railways in 11)21-22,” I referred 
briefly to the useful innovations 
, in the Administration Report, 
and indicated my intention of 
reviewing the information therein 
contained in a further article. This 
contribution redeems that promise, 
and I would add that I am indeed 
pleased to lx? able to show a few 
things to the credit of Indian Rail- 
ways, more especially in view of the 
fact that in many of my previous 
articles on that subject I have felt it 
necessary to apply the rod of just 
castigation without mercy. 

As ait acknowledged railway expert 
and a fearless critic of railway ineffi- 
ciency, I have pondered over the 
lengthy list of improvement works 
with great interest, and am able to 
say, without any fear of contradiction, 
that much real progress is indicated. 
Doubtless in sdme respects there is 
still a suggestion of timidity, but, 
taken all in all* the hoped-for de- 
velopment on the grantinj^of a large 
qhinquenniaf sum Jor railway im- 
provements is well on the way to 
fruition. It*^ll be of interest briefly 
to review the major works in hand, 
and indicate their effect upon railway 
wor^jng gjjnaralfy, as it is essential 
always to consider prospective de- 
velopments from the broadest point 
of view. * 

"Line Widetfings and 
Extensions 

Next to the admitted short q^e of 
rolling stock, and, perhaps, • more 
important* ift certain respect#, was 
the need*for additional track facilities 
op the Indian linet. It is of little 
advantage tp have sufficient rolling 
stock to meet tjie ma^im^m demand, 


and to find that the vehicles are 
suffering unreasonably long deten- 
tions, both en route and in yards, 
owing to insufficient track facilities. 
Hence it is imperative that these two 
questions should be considered to- 
gether. 

The information contained in the 
Administration Report clearly shows 
that this problem is now being handled 
on a comprehensive basis. To meet 
the full and urgent needs of the coal 
traffic on the Hast Indian Railway, 
the main line between Burdwan and 
Khana Junction is being quadrupled, 
while between Ondal and Barakar the 
main line is being trebled and in 
places quadrupled. In the Jherriah 
coalfield, also, the line from Dhanbad 
to Phularitand is being doubled. 
Coupled with these track facilities 
arises the necessity for yard accom- 
modation, and those at Ondal, Asan- 
sol, Borachuck, Kulti and Sitarampur 
are receiving attention. These im- 
provements, with others in view, will 
enable the authorities to work a 
greatly increased down traffic on an 
efficient basis, and this, in turn, will 
tend to accelerate the movement of 
empty wagons from the northern and 
western directions. To aid in the 
free movement of such empty wagons, 
additional passing points are being 
provided on the Moghalserai and 
Allahabad sections, while certain parts 
of the line between Allahabad and 
Tundla are to be doubled. The pro- 
vision of large yards at Gya and 
Moghalserai, and the doubling of the 
Grand Chord, are also in hand, and 
with the other improvements, will 
provide the necessary facilities for 
the facile movement of empty wagons 
to the coalfields. , ’ 

On the Bengal-Nagpur Railway, 


t 

many stations are being remodelled, 
while the line from # Anara to Kandra 
is now being doubled to facilitate the 
movement of coal traffic from the 
Jherriah coalfield. When the latter 
work is completed, it will be passible 
to deal more expeditiously with coal 
traffic for Bombay, and more par- 
ticularly for the Tata iron works at 
Jamshedpur. Prom Adra coal for 
Calcutta will move direct, via Kharg- 
ptir, and for the Tata iron works the 
traffic will use the two avoiding lines 
at Anara and Kandra. An additional 
work of considerable importance is 
the doubling of 150 miles of main 
line between Sini and Manharpur, 
this including the Saranda Tunnel, 
which is half a mile long. 

The Eastern Bengal Railway, on 
the other hand, while not concerned 
particularly with coal, has to handle 
general traffic of high density, and 
many improvements, mainly of a 
small character, are in hand for im- 
proving the facilities in this regard. 
It may, however, be noted that in 
order to avoid the transhipment at 
present necessitated by the break of 
gauge, the broad gauge lines are being 
extended from Santahar, the present 
terminus, to Parbatipur. Addition- 
ally, a system of train control is to 
lx? installed at Sealdah, with lines of 
communication to Ranaghat, Duni 
Dum cantonment, Majerhat aiyi Chit- 
pur, while on the southewi Section of 
the railway several station^ are to be 
remodelled and other improvements 
effected. 

The Bombay Suburban Traffic 
Problem 

The most important* consideration 
in the Bombay area is the provision 
of a soJuJitn^for the suburban traffic 
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problem, and it is To Ik? noted with 
interest that tllfc Great Indian Benin- 
sula Ruilway are going ahead with 
their elect ritication scheme. At the 
time of writing the first contract in 
connection with the electrification has 
just been placed, and wdiile this hXs 
special reference to the Harbour 
Branch as the first stage, it is antici- 
pated that very shortly the line be- 
tween Victoria Terminus and Kalyan 
Junction, a distance of 33.} miles, 
wall Ik- put in hand for conversion to 
eWetrieal operation. Similarly with 1 
the Bombay, Baroda and Central 
India Railway. Bor the moment* 
improvement is being effected by the 
widenings of tracks, the remodelling 
of stations, and letter ^operating 
■facilities, but these can^mly be re- 
garded as improvisations. Very soon 
it will l>e found essential to #leetrify 
the suburban lines, and so relieve the 
problem of congestion and provide for 
future development. 

Both on the Great Indian Peninsula 
and the Bombay, Baroda and Central 
India Railways, many other improve- 
ment works are in course of develop- 
ment. In order , to enable heavier 
trains to lx* run, many of the bridges 
are being strengthened, while a num- 
ber of additional passing places, line 
regradings, station remodellings, etc., 
are being given preference in the 
schemes now in hand. Projects which 
may specially be noted are the pro- 
posed provision of a new marshalling 
yard near Igatpuri, a new yard on the 
Itarsi Jubbulpore Branch, and a 
tranship yard at Ghorpuri, close to 
Poona. 

The strengthening of track and 
bridges is the most important item of 
expenditure to be faced by the South 
Indian and the Madras and Southern 
Mahratta Railways. A considerable 
amount of work has already been 
done, but there still remains a lot to 
lx? accomplished ere it will lx* possible 
to run the heavier trains required to 
meet the traffic needs. Many station 
improvements and shop extensions 
are also f projected on both these lines, 
while special attention is to be paid 
to the requirements of the third-class 
passengers and the suburban traffic 
problem of Madras. ‘ 

The bthL*r # railways to which refer- 
ence is specially made in the Adminis- 
tration Report are the Burma Rail- 
way, the Oudh and Rohilkhand Rail- 
way, the North Western and the 
Assam- Bengal, and while, speaking 
generally, it may be said that a 
systematic programme of Improve- 
ment works 'is contemplated, the 
items are not individually impressive. 


Special improvements are the entire 
remodelling of Lucknow traffic yard 
on the Oudh and Rohilkhand, the 
provision of a new locomotive shop 
near Karachi, and extensions to*the 
Moghalpura* shops on the North 
Western line, together with station 
remodellings and line widenings in 
many places. • « 

* 

Line Opened during 1921-22 

It is worthy of notice that during 
tlu* last financial year 125.14 miles 
of new lines were ojxned for public 
traffic, about one-third of Mien 
represented mileage built by Indian 
States and about half by private com- 
panies. Incidentally, it may be added 
that the relaying of the Sutlej \%lley 
line, which was torn up during the 
war to provide material for military 
needs, has been commenced. The 
Administration Report emphasises 
that with the heavy programme of 
work in connection with open lines 
to which India is now committed, 
further extension of railway com- 
munication will have to take second 
place. The quinquennial programme 
authorised by the legislative Assem- 
bly, upon the recommendations of the 
Railway Finance Committee, pro- 
vided that the sum allotted should 
be devoted primarily to the rehabilita- 
tion of existing lines, and it is this 
that must receive special attention 
for the present. 

Increase in Rolling Stock 
Equipment 

In the comprehensive programme 
to which reference has been made, 
rolling stock naturally receives prefer- 
ential treatment, as the exceeding 
deficiency in this connection was 
strongly emphasised .-as it needed 
to be— in the Acworth Report. Of 
the Rs. 150 Crores to be spent during 
the five years 1922-23 to 1926-27, a 
goodly percentage is earmarked for 
additional rolling stock, and *vhen 
the orders have been fulfilled, a good 
• deal of the leeway should have txen 
made good. 

At the end of the last financial year 
the Indian Railways possessed 9,743 
locomotives, 25,240 coaching vehicles, 
and 207,516 goods vehicles, and if the 
five years’ programme, as drawn up, 
is carried out, this equipment should 
be reinforced *f>y 942 locomotives, 
6,699 coaching vehicles, and 32,300 
goods vehicles. As, moreover, the 
Report points out, these numbers 
were basecj pn a very high level of 
jfrices current when the programme 


was framed, “it now seems possible 
that they will be v^ry sqjjstantialty 
improved upon.” 

In a country Agh as Ind^t, the 
necessity of progressive improvement 
in the development of railway, com- 
munications must be obvious to all. 
That the railways hive been n%ore or 
les*“ starved ” is a fact as true as it, 
is #4eplorable — and ^yet drying thtf 
twenty years preceding the war, 
Ind^ increased lief railway mileage 
by *15, 75 j miles. Continued ^progress 
o* this scale would undoubtedly hdve 
benefited the country, but, as # the 
Repor^says, time# are Aanged. In 
pit-war days a tyoad gauge line could 
be constructed and equipped for 
about a lakh a mile, w^jerea§ the, 
average cost to-da^ is Rs. l^dakhs. 
At the same time it imperative that 
the railways of Indsq, should be ex- 
tended and developed t<^ a higher" 
pitch of efficiency. This can only be 
achieved by enabling th^m to be 
adequate to carry all the traffic offer- 
ing for conveyance, and, if anything, 
to be in advance of the requirements. 
The five years' programme, therefore, 
while specially dealing with existing 
lines, is a great step forward, and v 
though the railways of India have a 
great leeway to make up, there can 
lx no doubt that under the more 
enlightened conditions now obtaining, 
and under the new organisation that 
is in course of establishment, im- 
proved results will be soured in the 
near future. * 


Principles of Management 

(Continued from pxge 672) 

that the worker has a certain versa- 
tility in the duties allotted to hint, 
which will bring out his 9 aptitudes. 
At any rate, these natural abilities 
must be # discovered and developed. 
Economic loss due to wasted man- 
power is not fair tp the man, ^the 
business, or the countr/f find cannot 
be tolerated. In a sense a man has a 
right tp look to his superiors to help 
him tq? discover himself. * 

Each worker musft be happy. 4 It is 
necessary to understand Ins weak- 
• nesses and to oe prepared for the 
trouble th£y may cause. 0 The whole 
essence of the art of maqpgement lies 
fn proper understanding of, yid deal- 
ing wh, men, in encouraging good 
points and remedying faults. 

(To be continued.) 

fi * * 
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Internal Transport Methods 


## In this arlii tt+Hk' deal with (he handling 
of goods and ran* materials and ft the 
\ modern conditions prevailing in our 
# factories, workshops, and warehouses. 


T ^HK handling of goods and 
*• raw # material under modern 
•conditions Jias resulted in 
the development of many 
, different*ltiethods of trans- 
port within tty* factory and warehouse. 
Most o# these methods are merely a 
further development of older methods, 
but they have been evolved after 
much thought and experience to 
meet the many different conditions 
obtaining under our present - day 
conditions. 

The results from such developments 
have given industry a means of hand- 
ling mechanically almost any class of 
goods or material, but ca^ is neces- 
sary in selecting the oust suitable 
method in any particular case, and in 
most cases it will be found that 
several different methods will be 
finally adapted to complete the cir- 
cuit of the material from the input 
end of a factory, through the various 
manufacturing processes, and finally 
to the output end for external trans- 
port. 

The principal economic advantages 
>f internal transport are a saving of 
ime and labour. .Time saving by 
uch methods is generally fairly 
ibvknts, but it w not generallyfrealised 
hat a very .considerable saving in 
abfmr costs aywoften be effected by 
i wett-coMsidercd method of internal 
neclianical transport, and the capital 
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sunk in such plant made to pay a 
handsome return, in addition to re- 
lieving labour for more skilled work. 

We propose in this article to 
deal only with some of the more 
recent developments in this field, 
such as runways, social trucks, 
gravity tracks, stacking machines, 
and conveyors. It. must be remem 
tiered, however, that our old friend, 
the crane in its many different forms, 
still plays an inqiortant part in con- 
nection with the more recent develop- 
ments. 

Considering first the modern run- 
way, this consists of an arrangement 
of overhead rails, upon which is 
carried a suitable lifting gear. Such 
gear is mounted on a small carriage 
fitted with ball or roller bearing wheels 
for ease of handling. The rails used 
may take the form of standard rolled 
steel joists, or special forms which 
have been evolved by different makers. 

In cases where this system is ap- 
plicable, it is generally found that the 
cost of installation is a relatively 
small matter by comparison with the 
resulting saving. The overhead rails 
can be arranged to pick up and de- 
posit goods exactly where ’ they 
are required, and, in addition, the 
lifting gear enables stacking in the 
building or loading on to truck or 
lorry, /ith a minimum of hand 
ling, * and in a manner which has 
obvious advantages over ground 
transport. 

A development of this system is the 
overhead self-propelled runway, oper- 
ated by means of electric motors. This 
arrangement really becomes a single 
track crane, and may carry the opera- 
to'r on the carriage, or can be operated 
from the ground by means of cords. 
•The great advantage of this system 
over the hand-power runway is the 
great increase in speed of operation, 
which is many times greater when 
motive power is adopted. 



Grnvliy Conveyor IV. iv C. Partin 

Where it is not possible, or not 
economical, to instal overhead gear, 
the many forms of ground tmeks call 
for special consideration, and in many 
cases, of course, these trucks also 
work in conjunction with the overhead 
gear. 

The electric storage battery truck 
is the type in most general use, and 
has made very considerable progress 
during recent years. It is not only 
simple in construction and in opera- 
tion, but is also practically fool-proof. 
These trucks are built in capacities 
from \ to 4 tons, and have a speed up 
to 7 and 8 miles per hour. A storage 
battery supplies the source of power, 
and a series motor drives the back 
axle of the truck by means of chcnn or 
suitable gearing. 

A special feature of these modern 
power trucks is the provision made 
for automatic control. For example, 
should the driver leave tfn? truck 
without due regard for its # safety, 
there is no fear of any danger, be- 
cause the brakes arc automatically 
applied immediately the driver leaves 
the platform. Another point is the 
design of the controller. Should the 
driver release his hold qji the con- 
troller handle, it automatically returns* 
*to the “ off ” •position. 
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Rn (Ileus licit Conveyor 

Klectric trucks arc usually fitted 
with rubber-tyred wheels, but they 
can also lx* supplied with flanged 
wheels, to run on raifs. A further 
development is the fitting of a small 
jib crane to the platform of the 
truck, capable of lifting loads up to 
about 2 tons. In such an arrange- 
ment the truck retains its platform 
capacity for transporting goods, and 
has the additional advantage of the 
lifting capacity of the crane, which 
is always at the spot where 
it is required. The crane 
is provided with a separate 
motor, but the same ac- 
cumulators of course supply 
both truck and crane 
motors. 

The method of trans- 
porting goods by means of 
gravity roller runways is 
making rapid progress, and 
has certain special claims 
for consideration. This 
system is merely a develop- 
ment of the old-fashioned 
chute, tyit providing rollers 
for the goods to travel on, 
and arranging for change 
of direction to negotiate 
comers. The outstanding 
advantages of this system 
are that it is always ready 
for use, and costs nothing 
t to operate beyond de- 
preciation, and it is also 
portiWe. • 


rollers themselves 
are formed from steel tubes for light- 
ness, and mounted on axles running 
in ball or roller tourings in order to 
reduce friction to a minimum. 

The most important feature of any 
gravity system is to determine the 
correct gradient necessary for the 
particular goods to to transported. 
This can to done by actual trial, and 
light goods will to found to require 
a steeper gradient than heavier goods. 

It should be noted that with a 
gravity roller system the pitch of the 


\ . } 

rollers is a variable factor, i 
If long, lengths of tifhber/ 
are to be carried, tjjer/^# 
would* to no reason ifi 
placing the toilers close to- 
gether, but jf veiy 
packages have to t^ivel, 
then tht rollers wily have 
to be quite dose "up .to 
each othf r. Tlje*detenifin- 

ing of this factor, therefore, 
is an * important one. as 
regard^ cost, of installation. . 

The roller junwajj may 
also »be used as spiral 
couve>%r for lowering goods 
fron* one floor to. antfther. 

In this manner goods are • 
handled without .damage afragaiiist 
the old-fashione^ spiral slide chutes, 
and the roller spftal has the further 
advantage that capable, of con- 
veying quite fragile material. 

When the gravity system used 
over long distances, it frequently be- 
comes necessary to start the incline 
over again after a certain distance- 
lias been travelled. This will readily 
to understood when it is remembered 
that the gravity runway is gradually 
coming down to the ground, so that 
it is only a matter of a certain dis- 
tance when the effect of gravity is 
lost. In order to continue, therefore, 
it is necessary to provide some form 
of lifting gear. to lift the goods up on 
to a new line of runway. This is 
generally arranged by means of an 
endless conveyer working at an angle 
totween the bottom of the first run- 
way and the top of the second runway, 
so that the goods from number one 



I 1 



riyi on to the endless conveyer and 
are earned* up and slide off on to the 
tep of number twe gravity runway, 
buch #ndless conveyer may be oper- 
ated by mAms of a small electric 
mdtor? and* of course, may be in- 
sulated at a number of points in the 
runway circuit, Ibeording to the dis- 
tance to be covered. 

Considering, nfcw, the actual* stack- 
goods.in a Warehouse or stpre, 
it will r^dilv be recognised that It is 
quite useless naving & highly efficient « 
transport System unless Jhe means 
are provided both ^or loading and un- ^ • 

loading at the respective ends of the 
system. The unloading and stacking 
of m^py classes of goods calls for the 
laboui of # a nuffibcr of men at the l 
points of unload and stacking when 
purelyjjuman hjJjpur is adopted. This 
t* not only lalxirious, but it is slow, 
arnicas already stated, is teilding to 
reduce the # efficiency of the transport 
system, as naturally the sjieed of the 
whole system will be depemlent upon 
its slowest unit. 

The modern stacking machine has 
therefore l>een evolved to pile up the 
packages and cases arriving in the 
warehouse in a more or less continu- 
ous stream from the transporting 
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system. A common form of such 
stacking machine is a suitable size 
platform mounted on the front of a 
telescopic steel framework which is 
capable of vertical movement. The 
whole apparatus is mounted on ball 
Ix'aring wheels, so as to be easily 
movable from point to point accord- 
ing to where the stacking is required . 
The goods to be stacked aft placed 
on the platform, when they are im- 
mediately raised to the required 
height by means pi an electric motor, 
and deposited on the top of thp stack 
by the simple operation «of pulling a 
lever. t 

The electric supply for the motor is 
generally taken frbtn plugs which are 
installed at suitable points in the 
building, and the smaller machines 
are Aperated by hand. 

* Where Jiarge quantities of raw 
material hyse to be transported, the 
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pulleys below the lower portion of the 
belt in order to carry the slack. 

The directicrti of/ravel with a band 
conveyor is naturally in a straight 
line 'but it is a simple mafcfer to change 
the direction in which the goods *re 
travelling by transferring them to 
pother band whiel#is placed In the 
nev? direction it is required to travel.* 
Tht # goods are transferred frfnn one 
band to the othe^ by means of a 
stationary plough placed* at an angle 
across the first band, and ate auto- , 
ntatieally pushed off and drop oq to 
| the secondhand. * # 

^fke*fcands used to carry the goods 
may be flat,*o» troughe<J. in tlie 
former ca£e the band simply runs over 
flat pulleys, but for s. troughed* con* 
veyor it is necessary % to provide'guide 
pulleys or rollers, which are set at an 
angle and arrangcd % along each sid^ 
the whole length of the belt conveyor. 

The material of the carrying band 
is generally a special fabrie composi- 
tion, and therefore is suitable for 
conveying all manner of goods which 
are of a dry nature, and at normal 
temperature. It will perhaps be useful 
to put on record here that steel bands* 
are now available for such conveying 
purposes, and although the writer 
has no data regarding experience with 
such hands, it would appear that they 
would have a much longer life than 
those of fabric composition. 

« 

“ 'l'he re is an increasing nfced for 
effective leadership through the ranks 
of industry, an increasing need for 
capacity to handle men.” 


continuous band conveyor has been 
very largely adopted. For the trans- 
port of grain, for example, this 
method has become almost universal 
for carrying the grain in a horizontal 
plane. This method is also largely 
used for the transport of ore, coal, 
etc., and also when small packages 
in lar$a quantities have to be 
handled. 

There are a great many different 
arrangements for batyl conveyors, but 
fundamentally they all operate on the 
same general principle. An endless 
belt is mounted on two pulleys -one 
at each end of the system, -power is 
applied at one pulley to operate the 
belt, and a tension gear is tit ted at 
the other end of the system. It is 
necessary, of course, to provide inter- 
mediate idle pulleys to support the 
upper portion of the belt which is 
Carrying the load, andjptfher idle 
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I S considering tla# fay-out or 
design of any station, du? con- 
si(hft*atign must, of necessity, be 
giv£n to the question of the 
signalling selfeme to be em- 
ployed, 'wHi partiwflar regard to the 
relation and t*ffect of such a lay-out 
upon thf signalling arrangements that 
will have to be installed to serve the 
dual role of affording the necessary 
protection, and of giving the maxi- 
mum amount of freedom to train 
movement. Although, at first sight, 
it plight be thought that the signal- 
ling of a station may be subordinated 
to that of lay-out, the two — signalling 
and lay - out should, as a general 
principle, be looked upon as in- 
separable, and endeavour be made, 
wherever practicable, to ensure that 
the standard or established principle 
affecting the one be not sacrificed to 
the peculiarities of the other. As an 
illustration, mention may be made of 
the cases that are sometimes met with 
of a stop signal having to be placed 
about m id- way along a platform 
merely to protect a trailing con- 
nection in the platform lint, although 
a similar signal is also found necessary 
at the extreme end of the platform to 
control the starting* of trains and to 
ensure the full length of the platform 
being utilised \ot the # work of the 
train. Again? how often does one see 
a multiplicity signals, or signals 
placed in undesirable positions, on 
account of curvature and various ob- 
structions to ^h» vfew of enginemen ? 
Further, (Suses are also frequently 
come across where the lay-out of 
stations has necessitated signal bdxes 
being p£ced in awkward positions, 
with the result that costly schemes of 
track circuiting are considered neces- 
sary to give the needed improvement 
from tfye signalmen’s point of view. 
These cases rtlay be takei^ as examples 
shewing h<*vr the question* of la>**>ut 
and. the signalling anfkngements are 
closely allied. .Having, then, deter- 
mined the lay-out; of any station and 


its effect upon the signalling arrange- 
ments, consideration is next given to 
what system of signals shall be in- 
stalled, &nd what power shall lx: em- 
ployed to work the points. Taking 
the first of these two items, the signals, 
if the station be a 44 through ” station 
dealing with moderate traffics, no 
great difficulty should arise in placing 
the requisite signals to meet the 
working requirements, such as are 
provided for in the Ministry of Trans- 
port’s Requirements for Working 
Railways, but at large stations, 
whether they be of the “ through ” 
or “ terminal ” type, problems, that 
frequently tax the ingenuity of the 
traffic, as well as the signalling officer, 
have to be confronted. It is here 
that such modem appliances as track 
circuits, and power working for points 
lend themselves to the solution of 
difficulties. These appliances, al- 
though usually entailing heavy first 
cost, have an important tearing upon 
the cost of working a signal box, and 
it is this phase of the question, to- 
gether with the area covered by the 
lay-out of points and connections and 
saving of time in manipulation, not 
forgetting also the less strain imposed 
upon signalmen, that make it desir- 
able for a power plant to be employed 
in working large stations, rather than 
a mechanical plant necessitating the 
employment of additional signalmen, 
with jtd other attendant disadvan- 
tages. The use of track circuit at 
such a station is also not only of 
inestimable value to a signalman, 
indicating as it does the occupation of 
any section of line within the working 
area of the signal box, but serves a 
useful purpose in affording protection 
at fouling points, thus eliminating 
electrical or mechanical fouling bars. 
Track circuits also form a very im- 
4>ortant function in the working of 
large terminal stations where, \y a 
division -of the track circuits in plat- 
form roads, in conjunction with an 
appropriate arrangement of outdoor 


signals, a train can be admitted to 
the platform while a train or vehicles 
are already occupying one section of 
the platform mud. .Such an arrange- 
ment of track circuits is installed at 
Waterloo Station on the whole of the 
platform roads, and by the provision 
of calling-on signals situated under- 
neath the incoming home signals, a 
train can be admitted to the plat- 
form by the lowering of the home 
signal if the platform road for its full 
length is clear, or by the lowering of 
the calling-on signal only if one 
portion of the platform road is 
occupied. 


Signalling Arrangements 

Another important aspect of the 
signalling arrangements at stations is 
the necessity for their simplification. 

I Especially is this so at large terminal 
stations where a running line ap- 
proacliing the station serves a number 
of bays or platform roads ; in such a 
case, in order to avoid a multiplicity 
of signals to serve all the roads, the 
modern practice is to instal route (or 
platform road) indicators working in 
conjunction with the home signal. In 
this respect, the arrangements at 
Waterloo Station may again be^quoted 
as typifying simplicity in signalling ; 
at this station, four up -qj incoming- 
lines serve twenty-one platform rrfads, 
but four home signals only are pro- 
vided to control trains entering the 
station, with a route indicator (con- 
taining a series of '* numbers corres- 
ponding to the number of the # pfetfbrm 
roads served by the incoming line) 
provided for each home signal This 
arrangement, as will readily be seen, 
is a distinct advantage, from ail 
engineman's point of view, in areas 
where a dense train service is ex- 
perienced. ^ 

Mention may also be made of the 3 
"relation of % Automatic signalling to 
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tile working of large stations where 
the sectionsPon either side* lend thejn- 
selA;s to the installation of such a 
plant. In busy areas, it if usual to 
find a number of intermediate section 
signal boxes, where the signalmen are 
only concerned with* the passing of 
trains and yot with any crossing or 
point movements, but, at present-day 
costs, the maintenance of such section 
Ixfxes, particularly if situated on* 
sections of lftics where the traffic 
necessitates their Ixing open con- 
rUinuously, forms a heavy item in 
traffic expenditure. These | section 

Ixixes can be avoided by tire laying 
down of a system of automatic signals^ 
controlled bv track circuited sections 
of line, so spaced apart to accom- 
modate between signals the longest 
train run over the section affected, 
and to give the required capacity for 
ensuring rapidity of train movement. 

The employment of automatic sig- 
nalling may also lx* the means of 
avoiding expenditure on the widening 
of lines. Before the advent of this 
system of signalling in Great Britain, 
the usual method of making pro- 
vision for increased train services 
was to widen the railway, four tracks 
usually taking the place of two. As 
may be readily appreciated, the out- 
lay on widening works of this nature 
entails a heavy expenditure apart 
from the cost, which in itself often 
forms an almost prohibitive item, of 
securing the necessary property. Diffi- 
culties of this nature can frequently 
he surmounted, by installing on the 
section of railway affected, a scries of 
automatic block signals of a capacity 
to meet the desired increase in train 
sendees. 

Another feature worthy of mention, 
as denoting the development of mod- 
ern signalling practice, is that apply- 
ing to the acceptance of trains at 
junctions. At these places, it is now 
usual for outer home signals to be 
erected 'both on the main and branch 
lines at the junction to enable two 
truing from the respective directions 
to be ‘accepted simultaneously, under 
which arrangement all signals can be 
lowered for the main line train to run 
at speed through the junction, while 
the braueh train Is running as far as 
the bra\icj\ line outer home signal, or 
vice versa. By this means, the delay 
to a trdfii at the section to the rear, 
either by “ block,” or for the purpose 
of carrying out ihe provisions of the 
“ section clear but junction blocked ” 
warning arrangement, is eliminated, 
and especial benefit to train ' move- 
ment is derived in cases where one 
sectmn to the rear of the junction is 
^ «* * * 


appreciably lon$r than the other. 

The foregoing"remarks arc intended 
to illustrate briefly the possibilities of 
employing labour-saving and up-to- 
date appliances at places whrtre the 
lay-out rtf lines and stations lends 
itsSf t* their installation ; the extent 
of their employment will, of course*, 
vary accofting to the .nature and 
density (J“ the traffic trt be handled, 
the Availability unc> situation of site 
for the laying clown of the proposed 
plant, and anticipated revenue or 
return on capital expenditure ; but. 
whether the nature of the uew work 
to be undertaken be large or^man, it 
will generally be found prudent not 
to dissociate signalling from lay-out. 
Finally, the underlying features gov- 
erning consideration of this Question 
may briefly lie summarised thus : 

1 . Traffic requirements -passenger 
and goods both present and 
prospective. 

2. Extent and design of lay-out. 

3. Installation of signalling arrange- 
ments to give maximum amount 
of freedom to train movement. 

4. Simplification of signalling on 
standard principles. 

5. Minimum of capital expenditure 
and maintenance in working. 

Effect of Station Design on 

Construction of Time Table 

The design of a station has a very 
important bearing on the construction 
of the time table, particularly in re- 
gard to the following three features : — 

(1) A junction where branch line 
trains have to lx* dealt with. 

(2) Wayside stations on lines pass- 
ing through sparsely populated 
districts, with large towns at 
either end between which a 
heavy traffic passes. 

(3) A large terminus where many 

fouling movements nih&t of 
necessity be made. v 

With respect to (1), at a junction 
station, much time may be saved and 
the difficulties of constructing a time 
table minimised, if separate platform 
roads are provided for the reception 
and despatch of branch trains. If 
the branch train has to run to tilt 
same road as the trunk train, it must, 
of necessity, be tlfiied to arrive much 
earlie/ than if separate roads are pro- * 
vided, as the train would pave to 
discharge its passengers and other 
traffic prior to being shunted, and 


. * • 

until this latter is done the trunk 

train cannot be accepted. Otf the 
other hand, with an independent 4 
platform road, <h$ branch trgin would 
dear the line for the ^runk train im- 
mediately upon arnyal, jun} the* 
margin of time between the two 
trains would be* governed .only by 
t\jQ length of the block section. 


«• * 9 

Lag-out of Waysjde Stations , 

As to the second point, tiz. : — 
the Jay-out of \gaysidt stations, as a 
• general rul^ all that is necessary is 
one platform fbr up trains and another 4 
for down trains, but, in the conditions 
mentioned above, *the cifpacijy of the 
line may be considerably restricted, 
and the difficulty of time table con- 
struction enhanced, unless 'facilities 
are provided at one of mor^of the 
wayside stations for switching a stop- 
ping train off the running line to 
enable a non-stop train to overtake 
and pass it cn route. This can be 
attained by providing a runnning 
loop at a station, or ‘even extending 
from one station to another. Much 
time may be economised thereby, and 
the capacity of a line considerably 
improved. 

With regard to the third point, the 
design of terminus has a considerable 
influence on the construction of a 
time table, and a failure to provide 
certain facilities may reduce to a 
very great extent the number of trains 
that can be dealt with. At a terminus, 
means of disposing of the engine haul- 
ing the train in are necessary, and 
these should be so designed as to 
enable the engine to run to the loco- 
motive # depot (if «this is necessary 
lx* fore making a rejourn trip) or to 
another platform, road for its next 
duty with a minimum of shunt move- 
ments, Aid, as far as pftssible, without 
fouling other platform *>ads. 



Concluding Remarks^ 

In conclusion, this paper *is not 
intended to represent anything in the 
nature of an exhaustive treatise on 
the Subject, but rather an endeavour 
to direct the liiV\>f. thought to a few 
central ideas worthy of consideration 
in connection with th* modernising 
of existing or designing new stations, 
but jt is hoped that the •observations 
her|yi contained may not he regarded 
as unprofitable* to the students who 
I have the privilege of addressing 
to-night. # * 

•• V • 
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THIS SECTION IDEALS WITH THE APPLICATION OP SCIENCE TO INDUSTRY AND PARTICULARLY 
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Combustion 'ancl ‘the Production of FirO 
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(Continued from page 028.) 


A 45THOITGH the most familiar 
examples of combustion 
are those which take place 
Ji JL in air, the term combustion 
must not be restricted 
only to such cases. Combustion, in 
its # widest meaning, is a process of 
chemical action in which so much 
heat is generated that the burning 
substance becomes incandescent and 
emits light ; and such a process may 
occur even when no air or oxygen is 
present. Thus, for example, the gas 
hydrogen will burn not only in air, 
with production of the substance 
water, but* will also burn in the gas 
chlorine with formation of the com- 
pound known as hydrogen chloride 
or hydrochloric acid gas. And, 
similarly, other cases of combustion 
are known which do not depend on 
the presence of oxygen, and are not 
processes of oxidation. 

Even when th* combustion is due 
to the combination erf the combustible 
material with oxygen, to a process of 
oxidation as wJ have called "it, the 
oxygen need mot be present in the 
gaseous form, btfP may be yielded up 
by some * compound containing it. 
Various well-known substances, such 
as chlt^ate o£ potjfeh and saltpetre 
(potassium** nitrlfte), can as 

suppliers of oxygen in this way, 
and the pse of such substances *for 
promoting .combustion ha s long Aen 
known. Touchpapef,^ior example, 
the slowly buruing # paper which is 
so familiar in# connection with 
worlgs, ^is prepared by soaking 
paper m a *sMution of saltpetre, 
and allowing it to dry. The saltptfre 
is in this way deposited in the fibres 
of tjie paper, apa renders tte latter 
more readily combustible.. Sucn paper 


does not require the presence of 
gaseous oxygen for its combustion, 
but will burn in an atmosphere of 
nitrogen or other inert gas. In the 
case of gunpowder, also, which we 
shall discuss at a later j>oiiit, salt- 
petre is similarly made use of as a 
reservoir of oxygen. 

In recent years, the process of 
combustion by means of combined 
oxygen has been turned to a very 
good account for the purpose of ob- 
taining economically, and with ease, 
the metals chromium, manganese, 
and titanium, which could formerly 
lx* obtained only witli considerable 
difficulty. The metal aluminium, we 
have seen, has a great affinity for 
oxygen, and it combines with great 
vigour not only with gaseous oxygen, 
but also with the oxygen contained 
iu compounds. If, then, we mix the 
oxide of chromium with aluminium 
powder, and strongly heat the mass 
at one point by means of a special 
ignition mixture, the aluminium com- 
bines with the oxygen of the chrom- 
ium oxide, and so much heat is 
thereby^ generated tliat the com- 
busiirtffi rapidly spreads throughout 
ifie whole mass. Oxide of aluminium 
is formed, and the metallic chromium, 
which is set free, is fused, and collects 
at the bottom of the vessel. In this 
way large quantities of chromium are 
now produced for use, more especially 
in the manufacture of a “ stainless 
stfiel,” which does not tarnish in con- 
tact with food or acids ; and also of a 
yery hard steel known as chrome 
steel. By the introduction of this^ro- 
cess, known as the Goldschmidt pro- 
cess, chromium, which twenty years 
ago cost as much as £25 a pound, can 


now be obtained for J2/fi a pound. 

A modification of the above pro- 
cess has become familiar in recent 
years through its application to the 
welding of tramway rails, and to the 
repair, in situ, of broken castings, 
shafting, etc., by the so-called thermit 
process. For this process, oxide of 
iron is employed instead of oxide 
of chromium, and the molten iron 
which is produced, and which has 
lxx*n raised to a temperature of about 
5,400 deg. F., by the vigour of the 
reaction, is run into a mould formed 
round the ends of the mils or frac- 
tured metal. The rails are thus 
raised to such a high temperature 
that they can be readily welded by 
pressure, or the fracture is filled with 
fresh iron and a solid joint effected. 

The very high temperature pro- 
duced by the combustion has also 
led to the use of thermit mixture 
in incendiary bombs designed to be 
dropped from airships, the bombs 
being furnished with a special mech- 
anism by means of which the thermit 
mixture can be ignited automatically. 

In order to bring about the various 
cases of combustion which we J^ive 
been discussing, it is necessary, as 
we have seen, to raise the temperature 
to a certain point, the ignition point. 
Nowadays this causes no difficulty; 
and it may be regarded as not .the 
least of the services which ohe'mistry 
has rendered to man, that it Jjas put 
it within his power to obtain fire at 
will, with a minimunuboth of trouble 
and expense. Fronf the primitive 
method of rubbing two dried sticks 
together, to the use of the flint and 
steel ; and from the latfcer to the 
^modern safety match, is indeed an ' 
advance the importance of whicl^for 
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our modem civilisation* it would be 
difficult to"* estimate, and impossible 
to ’over-estimate. 

One of the characteristics of chemi- 
cal action, as we have seen it exempli- 
fied in the process of combustion, is 
the production of beat, but it was not 
till early the nineteenth century 
that practical suggestions were made 
for the employment of such a mean* 
ot producing fire. One of the earliest 
of these suggestions which had a 
certain* measure of success was m^de 
** by a Frenchman named Chancel, who 
tipped strips of wood with ^mixture 
df potassium chlorate and sufcar, 
Iround together by means of gum. 
When this conqHxsition was dipped 
into concentrated sulphuric acid (oil 
of vitriol), the sugar took fire and 
burned at the exj>ense of the oxygen 
contained in the potassiubi chlorate ; 
and this combustion was then com- 
municated to c the wood splint. These 
matches were sold as late as the 
middle of last century. About 1827, 
John Walker, an Englishman, pat- 
ented a match the tip of which con- 
sisted of a mixture of potassium 
chlorate and sulphide of antimony, 
and this mixture could 1>e ignited by 
being drawn Iretween folds of glass 
paper. These matches, known as 
iucifers, were the first friction matches 
used. 

But there is a substance the use of 
which for matches is at once suggested 
Ixith by its name and by its properties, 
the readily inflammable substance 
phosphorus, which was discovered as 
long ago as 1909, and is prepared at 
the present day from calcium phos- 
phate. From the readiness with 
which this substance ignites, it was 
only natural that attempts should be 
made to utilise it as a convenient fi re- 
producer. Such attempts were at 
last successful, and phosphorus- tip|x.‘d 
matches, known as Congreves, were 
in almost universal use until a com- 
paratively recent time. The tips of 
these matches consisted, essentially, 
of £ mixture of phosphorus, and some 
substance rich in oxygen, such as 
potassium chlorate, or red lead (oxide 
of lead), bound together with gum or 
glue, and coloured with various pig- 
ments. We ca^i all recollect these 
matcReJi which had such a fascination 
for us in our younger days through 
the glow of phosphorescent light 
which they omitted when slightly 
warmed by ruBbing oil the hand. As 
lire-producers these matches were a 
great advance on those which had 
gone befqre. But for every advance 
• a certain price has to be paid, and foj 
tl^? phosphorus match mankind has 


found the price too heavy. The 
accidental fires due to the readily 
inflammability of/th£ phosphorus, and 
the general danger of its unrestricted 
use ; the # number of deaths, accidental 

intentional, produced by phos- 
phbrul poisoning ; and the terrible 
(1isea.se ktiown as “ phossy jaw,” 
necrosis oi the jaw-txyR.*, which at- 
tacked the workers in the match * 
factories, led a* ban being placed 
on what had been hailed as a boon ; , 
and ttfe use o/ ordinary white or 
yellow phosphorus lias, in most civi*- 1 
lised cotitTlries, been fnrbyldetf by 
law. . 

But the element phosphorus .occurs 
not only in the readily inflammable 
and poisonous white variety, but also 
in a totally distinct form, that of a 
dark-red powder which is much less 
readily inflammable, and is non- 
jioisonous. It is produced by heating 
ordinary phosphorus in closed vessels 
to a temperature of about 480 deg. F. 
Attempts were therefore made to 
utilise this form of phosphorus, and 
the difficulties which were at first 
encountered, were ultimately over- 
come by a German chemist alxmt the 
middle of last century, and his in- 
vention, first taken tip in Sweden, led 
to the introduction of the so-called 
Swedish or safety match. In these 
matches the red phosphorus is not 
incorporated in the match head, but 
is used in the composition with which 
the rubbing surface is coated. The 
match tip consists of a mixture of 
sulphide of antimony, and an oxidising 
substance such as potassium chlorate, 
red lead, or potassium bichromate ; 
and sulphur and charcoal are some- 
times added. This mixture will not 
take lire when rubbed on a rough 
surface, but only when rubbed on 
the specially prepared surface coated 
with a paste of red phosphorus mixed, 
sometimes, with sulphide of antimony 
and powdered glass. Moreover, in 
order to diminish the risk of accidental 
fire through the glowing wood of a 
used match, safety matches ife^oaked 
in a solution of alum, sodium 
phate, ammonium phosphate, or some 
other salt. The charred wood of the 
match is thereby strengthened, and 
the match ceases to glow almost im- 
mediately after being blown out. 

When the use of white phosphorus 
was forbidden, the attention of chem- 
ists was directed to the discovery of 
other materials which might be used 
instead, and ^lion-poisonous match 
wa/ produced which possessed the 
advantage of the old phosphorus 
match, of striking on any rough sur- 
face. In the case of this “ strike any- 
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where ” match, the tipping composi- 
tion consists of a mixture of sulphide 
of phosplufrus and potassium chlorate,* 
or other oxidising lfiateml, bound 
together with glue/ and powdered 
glass is also sometimes adflecP to in- 
crease the friction, and so facilitate 
the inflammation of the m&tch head. 

4 To render the wood of the match 
Viore readily iuiflammabfe, ana, so 
allow of the combustion passing on * 
•from the tip o^the wbod, the latter is 
impregnated with farafffn wax, 
though, sometimes, as in the p case of 
some Continental notches, sulphur 
i6 -employed instead. 

In the c&s&’of Vesuvius" the match 
head consists of a mixture of powdered * 
charcoal and nitre, ta wMth some 
scenting materia^ such as°gum ben- 
zoin or sandal wood, is added. This 
head is then tifrped whir 1 * striking 
mixture such as has already been de- 
scribed. 

The making of matches, once a 
“ dangerous occupation,” has now 
passed from the handworker to the 
machine, which not only cuts the 
blocks of wood into splints of proper 
size and shape, but tips them with ,t ho 
inflammable mixture and packs them 
into boxes, which it also makes and 
labels. A single machine can thus 
turn out over 5,000,000 matches in a 
day. Only by such means could the 
almost incredible number of matches 
l>e produced which are turned out 
annually by the natch factories 
of the world. The linn* of Bryant 
& May, the largest British manu- 
facturers, can alone produce, in 
the course of a year, as many as 
90,000,000,000 matches, not to men- 
tion wax vestas ahd tapers, and it 
has been estimated that the annual 
consumption of “matches in Great 
Britain amounts to about nine 
matches per head of population per 
day. § t * 

Although ]|he ordinary match forms 
by far the most usual means ?>f ob- 
taining lire and light, one must not 
fail tf> mention the Recently introduced 
briquets, or “ ci^ar lighters.” When 
an alloy of iron and the met^ cerium 
is rubbed against "a pie£e of steel, 
small particles of the alloy are rubbed 
off and take fire in the air. If the 
sptrks so produced are ^allowed to 
come in con tafcf 1 with a piece of tinder - 
or with thj vapour of petrol, or 
similar* volatile liquid the latter takes 
fife, and we thus obtain a ffcmie. In 
this apparatus we hkvb, in a refined 
foam, the old flint and<%teel of our 
fathers. . ^ 

Cerif , or oxide ot cerium, is. now 
produced ip large quantity as a by- 
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product of the manufacture of incan- 
descent ga$ mantles, and is derived 
mainly from monazite s^md, valuable 
deposits of jj'hich^fte found in Brazil 


and also in Trafancore, India. It 
was while investigating how the 
accumulations. ceria might l>e 
utilised, that Auer von Welsbach 
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discovered early In the present' cen- 
tury, the peculiar piGperty of th< 
iron-cerium alloy winch led to the 
above Application. 
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The' Proteefcfon*, 
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of Metals from Meat 
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F. S. LOVIGK JOHNSON, A.M.I.Nycc.H.K. 


Oxidisation 


The process described in (he following article is controlled i i? 
England by the Scarab Oil Burning Co. Ltd., London, who * 
have recently completed the erection of a new calorising pld)tl 


T lrtv present high cost of 
labour and materials for 
replacements and mainten- 
ance renders particularly in- 
teresting any method where- 
by these charges may be lessened. In 
this connection the problem of the 
oxidisation of metal parts when sub- 
jected to the action of intense heat is 
of great importance ; generally speak- 
ing, there is hardly an industrial plant 
in the country which is not experienc- 
ing some oxidisation problem from 
high le^qxnfture, and the loss accru- 
ing from labour, material, time and 
lay-up of equipment is enormous. 

The destructive action of heat is, 
of course, no new problem, but one 
which has confronted those engaged 
in the mechanical arts ever since the 
beginning of tbp iron and steel age, 
and for nianj years past scientific 
research and inveptive ingenuity have 
exerted themselves to provide a 
remedy. Although from title to time 
various processes have been intro- 
duced for protecting metals against 
oxidisation an£ the.corrosioj due to 

is 

onl^one process^n existence which is^oughly 
priiflari^ fritSpded to give protection 
against oxidisation at higji tempera- 
tures. This recently develop^ Dro- 
cess i£ known as calorising, wiicn is 
the dhfy successid^and economical 
process for rendenne metals highly 
resistant to the Swages of high tem- 


developed by the General Electric 
Company of Schenectady, U.S.A., and 
although it has only been applied 
commercially to any extent during 
the past three years, it has proved 
its value in America, and is now 
attracting considerable attention in 
England. 

Broadly, the process of calorising 
consists in the formation of a surface 
alloy of aluminium on ferrous and 
non-ferrous metals, and is achieved 
by placing the articles to be treated 
in an air-tight retort, partly filled 
with the calorising mixture (which 
consists of finely divided metallic 
aluminium suspended in aluminium 
oxide), and subjecting it to a high 
temperature for several hours. During 
the process, a continuous current of 
hydrogen is passed through the retort 
to ensure an inert atmosphere. Before 
being placed in the retort the articles 
are required to Ik* thoroughly cleaned 
and to have a surface free from grease, 
scale and other foreign matter, this 
being effected either by sand-blasting 

acids and thel atmosphere, \here is at high temperature, so thor- 

infuses aluminium into the 
exposed portions of the inetal being 
treated as to form a homogeneous 
alloy for a certain depth. This depth 
ranges from a few thousandths of 
an inch to the permeation of the 
entire mass and is governed by 
varying the duration of the treat- 
ment and the composition of the 
mixture. It is thus apparent that 
the essential difference betweSjn calor- 
ising and processes hitherto used 
commercially is that the protective 
surface is not imposed as a coating cf) 


pe rat lire. 
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Tllfe Calprisiqg 4Procefi¥ 

•The prcJaess^bf* calorising was dis- 
covered by 1*. Van Aller, irflOil, and 


skin upon the metal to lie treated, 
but, on the contrary, enters into 
intimate association with it, forming 
a solid solution alloy. It must not 
lx* confused with any coating process 
like galvanising, sherardising, cos- 
lettising, or oxide coatings. It is, 
moreover, distinct from the numerous 
homogeneous alloys, some of which, 
containing nickel or chromium, are 
highly resistant to oxidisation at high 
temperatures. Calorising differs from 
such alloys in that it consists of using 
a relatively inexpensive metal, such 
as iron or steel, in itself readily oxidis- 
able, but covered with a continuous 
protective alloy coating which be- 
comes a homogeneous part of the 
metal treated, and which is effected 
at a comparatively low cost. 

The calorised coating consists of a 
comparatively thin alloy layer, which 
is very rich in aluminium, but on 
being subjected to high temperature 
under working conditions this alloy 
layer penetrates or diffuse's further 
into the metal, forming a larger 
amount of homogeneous ferro-^lumin- 
ium alloy, and an outer coating of 
aluminium oxide, which is the pro- 
tective surface. It is thus apparent 
that, should the outer surface become 
injured, the protective surface will 
renew itself by the oxidisation of the 
alloy exposed. 


Limit? of Temperature 

The limiting temperature at which 
calorised articles will withstand oxi- 
disation is governed by*the nature M 
the alloy formed and the service- to * 



which it is subjected. Generally 
speaking Jhis*liroit varies* from 000 
deg. Q. to 1,000 deg, C. Above 1,000 
deg. C. the diffusion of aluminium is 
so rapid that the alloy quickly be- 
comes too weak in aluminium to 
form a satisfactory protective oxide, 
with the nestdt that the underlying 
metal will commence to scale, 

Regarding the physical properties 
of calorised me&l it has been found 
that the process tmneals the material, 
giving ffetdts which are favourably 
4Bftnparable with those obtained by a f 
soft annealed finish. From the various 
investigations carried out it ha^beeif 
proved tlrat any change in the 
physical characteristics of the average 
application does not reqrnre serious 
consideration ; the properties of 
strength, electrical and thermal con- 
ductivity varying with the cross 
section affected by diffusion and 
generally speaking the thermal and 
electrical conductivity are somewhat 
lowered by the process. Samples 
submitted to crushing, flanging, ex- 
panding and pulling tests have demon- 
strated that calorised material is 
capable of withstanding all ordinary 
handling without destruction of the 
alloy, while microscopic examination 
has revealed the quality of homo- 
geneity. 

It should, however, be understood 
from the nature of the hard and some- 
what brittle protective coating that 
calorised metal cannot be bent or 
hammered cold, but at a bright red 
heat it may be bent without affecting 
its resistance to oxidisation. The 
principal machining operations should 
therefore be carried out on the articles 


and brass, and in all instances where 
metals suffer from the ravages of heat 
oxidisation, the was^ng effect of 
some forms of corrosion or the 
deleterious effect of certain gases, 
calorising oan be used with advan- 
tage** ^he results obtained with 
certain metals are better than with 
others ; for ^instance, greater pro- 
tection-will he afforded to mild steel 
Article* particularly those which have 
been mechanically treated by pro- 
cesses suejj as rolling, spinning, etc., 
than ordinary castings. Good results 
have been drained from castings of 
pure ingot cast iron carefullytmaJI 
and of small parts, but low grade 
ferrous castings invariably confain 
slag, sand-inclusion, blow-holes and 
other imperfections which breafc up 
the continuity of the surface and 
prevent homogeneity in the alloyed 
surface. The amount of free carbon 
present also appears to exert a de- 
terrent influence on the depth of 
penetration of the protective medium. 
Again, the characteristic “ growth " 
of cast iron on repeated heating and 
cooling tends to crack up the surface 
layer of oxide with the result that in 
a short time the aluminium content 
will become too weak to form an 
efficient oxide coating and breakdown 
will occur. Wrought iron is likewise 
a very variable material in the matter 
of quality, and with poor grades of 
wrought iron containing mixtures of 
genuine wrought iron and steel scrap, 
large percentages of slag and phos- 
phorus, it is impossible to guarantee 
good uniform results. Excellent re- 
sults, however, have been obtained 


with good grades of steel coatings, 
good qualitv wrought iron^. mild steel, 
etc. / 1 

*. / ■*>..* 

Acid -Resisting t 

Calorising is primarily a protection 
against burning o* scaling at high 
teffijperaturefcr, but there are numerous 
instances where it i| most effectively 
employed to meet Conditions* other 
thjm the primary ontf fo^ which it w/s 
intended* CaloriseS non-ferrous metals 
<Aich as copper, ‘brass and. nickel, are 
excellent sion-cofrosive ^le merits* re- 
sist^nf to ^tmospHferic conditions and 
certain actfdnou* liquids.^ OdoriSed 
ferrous tnetals are likewise strongly 
resistant to the effect of c^bolii acid, 
hot tar, and pitcl^ and also*to the 
wasting effect of 1 sulphur dioxide and 
carbon monoxide gUses as p*JN$n.t 
furnac^ gases. % 

In Fig:'* .! the results of a sulphur 
dioxide test are illustrated. Two 
pieces of extra heavy wrought iron 
pipe, one calorised, the other un- 
calorised, were run side-by-side in a 
furnace at 820 deg. C. (1,500 deg. F.) 
in an atmosphere of sulphur dioxid% 
for a period of four hours. At the 
end of this time the ordinary un- 
treated pipe was badly burned, as 
shown, while the calorised pipe ap- 
peared in all respects in as good 
condition as before the test. 

A further sample illustrating the 
comparison is shown inVig. 'Phis 
annealing box was cut in halves, one 
half was calorised and the other un- 
treated. Both halves were then 


before being calorised, although calor- 
ised boiler tubes cad be satisfactorily 
expanded cold without detriment if 
they are made of seamless steel. The 
dimensions and weight of the metal 
treated are only very slightly in- 
creased bv calorising, the increase in 
dimension being not more than a 
few thousandths of an inch. Calorisa- 
tion increases tee life of metal articles 
from teh to thirty times, according 
to the material and conditions of 
temperature to which they are sub- 
jected, the protection afforded de- 
peudiqg considerably upon the pro- 
portion ol the cross section affected 
by the alloying and the percentage 
of the aluminium content, 

' i 

Application to Varioils Metals 

Various metals may be calorised— 
oast iron, Wf ought iron, malleable 



iro’i, steel, nickel, nickel s^eel, copper # 


PI 4. 3 


















- ifewofilas a 

to rtifapeiatuie 
for*a peijod of thirty 
result us ■shown. 

* Indt»«»^al Applications 

In the various industries there are 
|flmny a|iplicationfi%here the marked 
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«ults, 

majit^Vated 

ulA ; CftfbphiamKPKm an 
£ [Jwi*l8i>ox*5 »* metal Jtuhiace linings , 
^ baffles, etc. ; lead i^pts ; oil" cracking 
: pipy ; superheater tubes • llcomdtfvi 
„ firebox stay «iuts; mdfine flojjer fur- 
nace stay nuts ; air preheating tu&s ; 

bar\; parts of tontinuous " opera- 
tion * furnaces, sp£hjas link chains, 
saddles^ buckets, muffle rolls, etc. ; 
paPts-flJEunnel kJfflS; thermostat fire 
en ds ^roduter gas filter chambers ; 
gottel? racks ; mttteo suff^fffr con- 
tainers ; soldering irons ; carbolic acid 
; popper controller contacts; 
per condenser tubes; valves for 
leases ; valves and piston heads 
JPiesel engines; parts of glass 
tufacturing equipment, such as 
_ neters, mantle rods, etc. ; soot 
blower equipment ; retorts ; hot bulbs 
for oil engines. 
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There are, however, many possible 
applications which have not been 
treated, and which will suggest them- 
selves to the engineer, metallurgist, 
and works manager, in connection 
with . the equipment used in their 
individual process of manufacture. 

With reference to the cost of the 
process, this is not excessive, having 


regard to the saving effected, both in 
the labour and material involved in 
renewals. It is claimed that the cost 
of calorising a given article is in many 
instances actually less than the cost 
of a similar untreated replacement, a 
fact which makes it an attractive 
proposition irom an industrial point 
of view. 


What Others are Doing 


A TRAltER cran£ 

In many factories and warehouses 
great use can J^e made of a light 
portable .prane which can be readily 
transported from one point to another 
t for*he purpose qAjjfting andfctacking 
■ goods. Varjpus i&rmS of runabout 
cranes on t^ucjp;«driven by electricity, 
steafti, or oil, hare been devisad, but 
they all suffer aroni the drawback 
that the equi^jpewt cannot be con- 
venietrHjwaijld <ftherwise thaiv, as a 
, crane ; therefore it comes rather ex- 
pensive in cases where lifting worlds 
only occasional. To njfet these Qases 
a Britisn firm has slewed a light crane 
capable of lifting ui/o^5 cwt, which 
kan be hitche^im to an ordinary 
^ e cjrjc^ industnal truck as requited 
ananaUled *t® the scene of action. 
This crano^s mounted ofijwo rutyier- 
tyred wheel^ap^hasfi fhird support 
in the form ot a pifot, so that it can 
/ fitted o 


be V 


rapidly 


on to 


so that it 
# thejruci 


;ruck or 


taken off again when the lifting work 
is finished. The crane is driven by 
current from the batteries of the truck 
itself. The jib of the crane can be 
lowered so that the whole thing can 
be run through an ordinary doorway, 
and it is c&pable of raising a load from 
ten feet below ground level to thirteen 
feet above ground level. Experience 
hg££*TOved that a workman quickly 

^gSms the knack of manipulating this 
crane with the greatest ease. At 
times, when no lifting has to be done, 
the crane is simply dismounted and 
the truck used in the ordinary way 
for carrying goods backwards and 
forwards. 

j 

THE LATEST TANK 

, Most of us will remember the tre- 
mendpus sensation that was tVused 
when y?e deadly military engine, 
known as the “ tank," was first intro- 
duced under service conditions, As^ 


is natural with a jiovel appliance of 
this kind, the first productions were 
rather crude ; but their success was 
so manifest that expert attention has 
been constantly devoted to their im- 
provement. »So much success has 
attended this effort that th^ British 
Government has given an order for 
twenty tanks of the latent type. The 
new machines will, attain a speed of 
twenty-five miles per hour without 
over strain, as against eight miles per 
hour with the old tanks /and whereas 
the first tanks w<#e done for after 
about 150 miles, the new # cflfe/ will 
have an endurance of about 1,000 
miles. liach tank has a length of 
35 feet, and is provided # with an 
armoured turret, fpecial attention 
has been givefl to the design, in order 
to enable the tank to be usedtiot only/ 
in the Vegular way for atjack, but as 
a tractor for hauling heavy guns into* 
position. • / 



A MODEL* * M ACER’S 

. * ATHE , 

• 

The making of models of ^ill sorts 
of mechanical contrivances, boats, 
and so on, is a hobby which is pursued 
in all parts of the worjjj with remark- 
able enthusiasm. Quite an industry 
has grown il*), especially in Great 
Britain in the production of special 
tools for the use of model-makers. 
Many of these enthusiasts are 
personw»*rf>f moderate means, and 
nre unable to afford the costly lather 
drills, and other appliances which they 
wopld like for very accurate* work. 
The lathe js the instrument most usea, 
and in order to meet the demand for 
a thoroughly accurate and yet cheap 
appliance a British firm w^ch special- 
ises in small precision tdols has turned 
out a lathe at the astonisniijgly small 
cost of 60/-, by which boring, drilling, 
milling, sawing, slot-drilling, grinding 
and so on, can be carried out with a 
very high degree of accuracy. This 
lathe will turn articles up to 4 in. in 
diameter, and 12 in. in length. The 
makers will supply this handy little 
appliance with treadle motion, elec- 
tric motor, or any other accessories, 
according to the requirements of the 
purchaser. It is of entirely new de- 
sign, and each part is made by mass 
production on the accurate lines 
adopted in first-class British machine 
tool manufacture. 


AIRCRAFT IN <MAIL 
SERVICfe 

* Aeroplanes are <^t ready being used 
to a considerable extent for certain 
mail services and for general com- 
mercial purposes, but there is a touch 
of originality about the proposal 
made by an eminent British naval 
architect4or the regular use of aero- 


tjpming are suggested, and electricity 
is to be used for all ventilating, pump- 
ing, cooking, and otfiej services. The 
whole scheme is worked eutto Com- 
mercial lines; and erne' df^ifie «chief 
advantages suggested | p that on a 
voj%e,%say from G|fat Britain to 
Australia, the vesjjel coifld run to 
Port Said without a stop—-pa£sengers 
and mails f being taken off by aero- 
plane nt the various ports on the run. 



A REMARKABLE PUMP^ 

• Information was published lately 
regarding a new type of British pump 
designed to deal with fluids in ^hich 
a large proportion of solid matter was 
carried. In that type the pump had 
a kind of scissor action which broke 
up the solid material and enabled it 
to be carried forward. The inventive- 
ness of the British engineer has, how- 
ever, produced still another solution 
to this problem, which bulks so largely 
in the work of the sewage engineer. 
The new pump is a centrifugal pump 
in which the solid material is, as it 
were, by-passed. By a curious ar- 
rangement of partitions, the solid 
material is separated from the water, 
which is sucked through in the ordin- 
ary way, while the partitions push 
forward the solid matter by a different 
track. This pump is adapted not only 
to handling sewage, but in pumping 
water from weed-fouled rivers. In 
tests made with this purnp, attempts 
were made to jam the machine with 
lumps of coal, pieces of wood, and 
balls of cotton waste, but these were 
all passed through without damage. 


STEEL CLAD WO,OD 


tions. Weight ‘for weight' 5 the new 
material is claimed to jt>e at least 
eighty time% as stiff as* mild steel. 
The purposes for which it is at present 
intended are for shelve/, dories, etc., 
in houses and shops, f jr.bodj work, ( 
dash boards, roofs, atfd so* on in 
vehicles, for the rides and $eats of 
'railway cars and tramcars, and for 
wt»eel discs, pulleys, lifting cage®, . 
and so on in general engineering. The 
material is made 4m standard sheets, 
afid k can be readily lut by means 
[of a ciiG^ar or band saw. Wire nailp 
may be .driven, through* it, oaad if 
lixincrby screw nails is Jlquired, holes 
caff oe fowqed r by one operation*? by 
means of a punch. • 

' 'f ° * 
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SOMETHINGS' 

BUFFERii 

In the making of railway buffers 
the usual process is to weld the flat 
portion on to the shank. This method 
is quite satisfactory from the users' 
point of view, but it occupies a good 
deal of time, and therefore adds to 
the cost of the article. A Sheffield 
firm which has been engaged on 
buffer making and other railway 
appliances for many years has de- 
signed a plant which completes the 
manufacture of railway buffers with- 
out any welding. All the work is 
done by large hydraulic presses, and 
the new plant is capable of an output 
of no fewer than one thousand com- 
plete buffers per week. So successful 
has the new plant proved, that it 
enabled the Company to obtain an 
order for 13,000 complete buffers in 
the face of Continental competition. 
The works engager!, oil this pro- 
duction are workiqg ft high pressure 
night and day, and extensions are 
now on f*>t. 


planes in connection with large vessels 
on long voyages. He proposes that a 
passeiteer ve&cl should be built on 
much tne same lines as the aeroplane 
carried which figured so prominently 
in the British Navy towards the end 
of the war. The uppermost deck of 
the vessel provides a flat expanse 
upon which the aeroplane can alight, 
and from, which it may take off . With 
a vessel of this type it will be possible 
for aeroplanes tf convey mails and 
passengers to the* ship fong after it 
^as left ( J?*ort. The design has been 
worked out in great detail, and t shows 
r 24,000-ton vessel with a speed of 
C^nty-one knots on ordinary run- 
ning.V Water-tub*; boijer^ with oil 


The material known as three-ply 
wood, or plywood, has now come into 
very extensive use for many piU^ses 
where thin and strong partitions^ 
required. It is made by fixing to- 
gether three thin layers of wood in a 
manner which affords great strength 
and freedom from warping. The 
latest development of this ingenious 
invention has been produced by & 
British firm. It consists of chemically^ 
cementing to the ordinary multiple* 
wood, on one or>oth of its faces, a 
sheet of steel coated either with lead 
or zh/7. This arrangement gives the 
wood a protective and fire-proof sur- 
face, and it also opens up the possi- 
bility of many interesting applies- 



amity of R ation, < 

Between nations, as between indi- 
vi4kuffs, what is most to be (Jreaded 
is th# silence which engend^ mis- , 
un tie r standings . in the exchange * 

of ideas of differed- points of view 
tha^the true path tS^ynds reciprocal 
understandings is ever to be found. 

• Patience an$ tolerafict between 
nations is a* productive cf Ijappy 
results as paflencej^d towanceV 
between individuals . — RE;fr B 
Former I^Jfoeer of F^uce. | * 







